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Caaaidina 

..687,888 

chaounda .. 

a a 

419, 513,514 

fpulchra .. 

878,888,889 

chakvmda 

a a 

419 

typa 

888 

fUUItf 

a a 

418 
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galleiuia .. 
dementia 

annandalei 9 

blanfordii 

Cleta 

breviroetria 

lamellifera 

faeconda 

serrata 


Page 

347 

332, 335, 347 
.. 332, 347 

882 
884 
884 

878, 884,885 
878, 883, 884 
878, 882, 883 
.. 877, 882 
435 

404, 436, 765 
137 

902 

903 
903 
903 
702 
692 

..428,764 
.. 779, 799 
.. 108, 109 
69, 108,109, 251, 344 
4, 334, 340, 341, 699 
l, 334, 335, 337, 351, 352, 
699 

.. .. 352 

.. 780, 834 
.. .. 834 

834,835 
.. 774,780,885.842 

834 


Clibanariua 

longitaraia 

olivaceua 

padavenaia 


Ciiona 

annuli fera 
cclata 


249, 344 

205.207, 249, 260, 251, 695 

202.205.207, 208, 249, 250, 

251, 695 

205, 206, 207, 208, 249,250, 
251, 345, 695 

34 

35 
34 


vaatifica 23, 24, 25, 34, 35, 344, 690 

Clionidac .. .. 23, 26,34 

Clupqnodon ckakunda .. 419 

ilis/tm .. .. 427 

Clupea .. 417,424,427 
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Clupea aihermoides .. 

• • 

425 

cypnnoides 


417 

iliflha .. ... 

••a 

404,427 

Ule 

m • 

427 

mauritiana 

• m 

410 

mystax .. .. 

• • 

424 

nasus 

• • 

417 

purava .. 

• • 

424 

thriata 

• • 

417 

Clupeidae .. .. 

417, 

762, 764 

Clupeinae 

• • 

426,764 

dupeoidea .. .. 

• • 

420 

iliflha. 

• • 

764 

lile 

404, 

426,764 

Clytia .. .. 

• • 

106 

genioolata 

• • 

106 

aerrnlata .. 

69, 

106,107 

Coenobita 

206, 251, 

252, 831 

oavipea .. .. 

205, 

252, 342 

rugoauB .. .. 


205,252 

Coenobitidae 


205,251 

Coiua 

713, 

716, 726 

cattu 


718 

polota 


713 

quadrifaaoiatoa .. 


713, 767 

trivittaitu .. 


720 

varti .. .. 


714 

Coelenterata 


67, 691 

Coleoptera 


177 

Collembola 


188 

Colubridae .. .. 


167,169 

Colyptoblaetea .. 


67 

Conger bagio .. .. 


443 

homo 


443 

Congrua tricuepidatue 


443 

Copepoda .. .. 


299, 773 

Corbicula (Vdoriia) sa&pa/raineia 


351 

Corbula .. .. 

32,334, 

339,365 

ohilkaenaia .. 

333, 

335,366 

Cordylophora .. 


113 

laouatria .. ., 


113,125 

Corixa aubatriata 


183 

Corixidae .. .. 


181,183 

Corophiidae 


549 

Corophium bonnellii ., 


556 

orasaioorne 


555,656 
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Corophium triaeonyx.. 

• • 

.. 623, 666 

*Cuma disjuncta oblitarata 870 

Corvina atbida .. 

• • 

724 

kiosquiiozmes 

%m • • 870 

anei 

• • 

724 

Cumacea 

393, 395, 398,399, 094 

neUU 

• • 

724 

Cumingia 

.. .. 340, .341 

■Corvospongilla barroisi 

• • 

64 

hinduorum 

..333,367 

Corycaeidae 

• • 

.. 779, 803 

CurtiUa africana 

.. .. 188 

Corycaeus 

• • 

.. 779,803 

Cuspidaria 

.. 337,340,341,366 

venustus .. 

• • 

803 

annandalei 

333,334, 337, 367. 700 

-Corycaeus (OuyohoooryoaeuB) gieflbreohti 779, 803, 

Cuspidariidae 

333,367,099 



847 

Cuthona 

.. 378, 698,867 

Corynidae 

• • 

.. 69,109 

annandalei 

.. 377,878,702 

Crangonidae 

• • 

.. 205, 260 

fhenrici .. 

376,877. 698, 702, 866 

Gratena 

• • 

378 

Cyclop id ae 

.. .. 779,796 

Crayracion ftuviatiU* 

• • 

606 

Cyclopina 

.. 779,792,794.796 

testudineus 

a • 

608 

belgica .. 

.. 796 

Criodrilus lacuum 

• • 

.. 146 

elegans .. 

796 

Crocodilus porosus 

• • 

171 

euacantha 

.. .. 793, 795 

pBlufltnfl • • 

• • 

167,168,171 

gracilis .. 

.. .. 796 

■Croseocheiltu barbattdve 

• • 

436 

tintennedi* 

774* 777 779,798,794.796, 

Crocothemis servilia 

• • 

180 


842, 848, 851 

Crucigera 

• • 

666 

longicaudata 

796 

Crustacea 

• • 

.. 409,693 

longioornis 

796 

Crustacea Copepoda 

• • 

773 

flongifuroa 

774,777, 779, 784,796, 842, 

■Crustacea Deoapoda 

• • 

201 


848 

•Cryptangia 

• • 

.. 901, 903 

pusilla 

796 

paiasita .. 

• • 

902 

pygmaea.. 

796 

woodi 

• • 

902 

schneideri 

796 

Crystallagobius nilmoni 

• • 

763 

Cyolopinidae 

..779,792 

■Ctenogobius 

• • 

.. 739, 743 

Cydopoida 

779,780,791 

acutipinnis 

• • 

. . 743, 768 

Cyclops 

779,796,797 

alcodc .. 

• • 

.. 744, 768 

aequoreue 

790 

cbilkensis.. 

• a 

.. 744, 768 

bicolor 

776* 779, 797, 844, 849, 860 

■fcylindriceps 

a • 

745, 746, 768 

buxtoni .. 

.. 775,779,798,848 

fdentifer .. 

a • 

.. 747, 768 

Ituckarti .. 

798 

■fglobicepe 

a • 

744,745, 768 

oithoeoidae 

798 

jininima .. 

a a 

789, 749, 768 

Cycloetrema 

334 

•Ctenopbora 

a a 

.. 117, 692 

ifinooeyu .. 

866 

■Ctenostomata .. 

a • 

.. 122, 124 

microaoopioa 

347 

Cubans 

a a 

.. 893 

Cycloetrema (Tvbiola) iemooew 332,337, 347, 808 

granulatus 

462, 479,480, 878, 893 

Cydostromatidaa 

.. 332,347,866,868 

•Cubumedusae .. 

a • 

19 

Cydippidea 

117 

Cubcidae 

a • 

187 

Cylichua involute 

.. 871 

Culiooidea peregrmus 

a a 

187 

lactuoa .. 

871 

<Cuma 

• • 

.. 696, 867 

Cylioia 

..901,903 

carintfera 

a a 

696, 698, 870 

rubeola .. 

902 

disjuncta 

a a 

698,866, 866, 870 

smithi 

.. 900,901,902,903 
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Cylicia tenella .. 

• • 

902 

verreauxi 

• a 

902 

Cymothoa 

• • 

887 

amurenais 

• • 

887 

borbonioa 

• • 

887 

indica 

• • 

.. 878, 887 

oestrom .. 

• • 

887 

Cymothoidae 

• • 

.. 877, 887 

Cynoglossidae .. 

• • 

789, 760, 769 

Cynogloasus 

a • 

760 

brevis 

• • 

739, 760, 769 

Cyprinidae 

• • 

.. 436, 766 

Cyprininae 

• • 

.. 436,766 

Cyprinodon oundinga 

• • 

.. 417 

Cyprinodontidae 

• • 

.. 461, 766 

Cyprinue gohama 

a • 

436 

laonstris .. 

a • 

887 

lative 

a a 

436 

eophore .. 

a • 

436, 437, 438 

lido 

a a 

438 

Cyrtograpsos 


^ 286 

Cytherea 

• a 

.. 361, 362 

impudioa 

• • 

361 


D 


Dactylopus 

a • 

819 

antaretioas 

a a 

820 

brevieomie 

a • 

819 

latipet 

a a 

819 

propinqmu 

774,776. 778, 780,819,842, 


848, 

844, 846, 861 

Dactylopuaia 

a a 

.. 780,819 

Daeybatve imbricatue 

a a 

409 

eephen 

a • 

409 

uarnak .. 

• a 

407 

Dalina polota .. 

a a 

713 

Datnioidea 

a a 

713 

polota ... 

a a 

.. 718, 714 

quadr\faaoiatu$ 

a a 

.. 713, 714 

Decapods 202, 

208, 298, 294, 

311, 322,694 

Decapoda Natantia 

• • 

.. 260, 696 

Decapoda Rept&ntia 

m • 

.. 209 

Delavalia inopinaia 

# • 

.. 826 

JDendxonercidea 

• • 

678, 60S, 603 

theteropoda 

.. 666, 

667, 608, 606 



Page- 

Dendronereis 

.. 678,602,603,607 

faestaarma 

666,667,698,599, 601, 602 

arborifera 

.. .. 601,602 

pinnatioirris 

.. 601, 602 

Dennaptera 

188. 

Desmocaridinae .. 

264 

Deto.. 

466, 466, 481. 

aucklandiae 

.. 466, 466 

Diadumeue schiUeriana .. .. 691- 

Diadumeoidae .. 

691 

Diapterus JUamentoeus 

729- 

oyena 

.. .. 727 

Diaptomidae 

778,779,784. 

Diaptomus 

.. 779,788 

blanci 

776, 779, 788, 848, 849 

cinctus .. 

.. 776,779,788,848 

contortua.. 

.. 776,779,788,849 

pulcher .. 

.. 776, 779,788,849 

atrigilipes 

.. 776,779,788,849 

Diastybdae 

.. . • 396,398- 

Dibianchia 

366- 

Dicbelaspis cor .. 

.. 137,248 

grayi 

171 

JDioycloooryne .. 

.. .. 109,691 

filamentata 

.. 69, 110,691,692- 

^Didontogloeaa .. 

..867,871 

estriata .. 

.. 866,866,871,872 

Dinoflagellata .. 

•. .. 13. 

Diogenes 

.. .. 261 

avaxus .. 

109,206,207, 249, 261,342 r 


344 

miles 

.. .. 249 

pugilator 

261 

variana .. 

.. .. 261 

Diopatra 

366 

amoena .. 

.. .. 616 

ohiliensis. • 

.. .. 616 

leuokarti.. 

.. .. 616 

fvariabilifl 

666,667,670, 671, 672, 611, 


613 

Diosaooidae 

.. 780,818 

Diphyea .. 

.. 104. 

bojani 

.. .. 69,104 

gegenbauri 

104 

Diphyidae 

.. 69,104 

Diplaoodes trivialis 

.. .. 188 
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IX 


Diplodonta 

barhampurenais 
B&tp&raensis 
Diplodonta (Felania) annandalei 
chilkafinaifl 
ovalis 
Diptera 

Dietira obsctira .. 

Djabub 
Donacidae 
Donax pulchella 
Doromoaia pictoides 
Dorosoma 

ehakunda 
indioum .. 
indices .. 
naans 

Doroeomatinae .. 

Dorylaimua 
Dotilla 

affinia 
blanfordi 
brevi tarsia 
olepoydrodactylus 


Page 

338, 340,341, 362 
.. 333, 363 
.. 333, 363 
.. 333,363 
333, 362, 363 
333, 362, 363 
177, 178, 186, 697 
170 
719 
331 
331 
104 
417 
419 

.. 613, 663 
404, 419, 764 
404, 417, 763, 764 
.. 417, 764 
.. 32,62 

222, 224, 227 

.. 22ft 

223 
226 

204, 206, 224, 226, 226, 


feneatrata 

intermedia 

malabarioa 

myctiroides 

jpertinax 

pxofuga .. 
sulcata .. 
wiohmanni 

Data 

Dromiaoea 

Dytiaoidae 


227 

222, 226 
.. 220, 223, 226, 226 

222,224,226 
.. 204, 206, 226, 227 

204, 207, 222,223, 224, 226, 
226, 227, 228 
226 

222, 223, 224, 226, 227 
.. 223, 226 
.. .. 224 

.. 202 
.. 19,177,178 


E 


Ebalia 

hypsilon .. 
fmalefactrix 


sagittifera 

Eburna 


.. .. 209, 216 

.. 211,212 
202,204,207, 208,209,211, 
212, 216, 694 
211 

.. .. 109,340 




Page 

Echiuroidea 

• a 

67 

Ectinosoma 

• • 

.. 779, 808 

ailanticum 

• m 

809 

melaniceps 

776,779, 806,809,861 

normani .. 

77U 

1,779,806,846, 846 

Ectinosomidae .. 


.. 779,808 

Ectoprocta 


122 

Edwardaia 


67. 68, 73,88. 92 

adenenais 


92 

arenoaa .. 


92 

claparedi 


96 

pndica 


92 

ttinctrix .. 

69, 

92,94, 96,102, 691 

Edwardsiella 


92 

Edwardaiidae 


68,69,88 

Eione 


.. 867,869 

Eirene 


106 

Eitdadu* longioastdahu 


664 

Elamena 

• • 

.. 216,217 

fElamena (Trigonoplax) oimex 202, 204. 208, 216, 



217,218 

unguifannia 

• • 

.. 217, 218 

Eleotrinae 

a • 

739,766,768 

Eleotria 

• • 

739, 766, 762 

bulit 

• • 

766 

oavifrons.. 

• • 

.. 765, 768 

fuaca 

• • 

766, 763, 768 

ap. 

• m 

.. 766,768 

Eleutheronama .. 

• • 

499 

tctradactylum 

* • 

.. 499,766 

Elope 

• • 

413, 414, 416 

hawaienaia 

• • 

416 

indie ua 

404,413,414, 416,703 

machnata 

• • 

413, 414,416 

sauna 

• » 

413,414, 416, 416 

Slops (raurua) iwltoui 

a • 

413 

Elopaidae 

• • 

.. 413,763 

Elyaia 

• • 

♦ . 377, 379 

tohilkenaia 

376.878,379,702,866 

ooodgeenaia 

a • 

379 

faustula .. 

• • 

379 

lobata 

• • 

379 

viridia .. 

• • 

379 

viridiaaima 

a • 

379 

Elyaia (Aotaeon) aoatralia 

• • 

379 

Elyaiae 

• « 

379 
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Index, 


Elyaiidae 

Page 

.. 702,866 

Emyda 

173,616 

granosa .. 

.. 173,616 

granoaa ceylonensis 

173 

granosa intermedia 

.. 166,167,173, 616 

granosa soutata 

173 

granosa vittata 

..173,616 

vittata .. 

616 

Emydosauria 

.. .. 167,171 

Enchytraeidae .. 

.. .. 142, 144 

Enchytraeua 

.. 142,144 

albidus .. 

142 

fbarkudenaia 

142,146,693 

harurami 

144 

indicuB .. 

144 

Engraulinae 

.. 419, 764 

Engraulis 

419 

fans and alei 

404, 419, 420, 422, 764 

brovmii .. 

426 

commeraonii 

.. .. 426 

indicut .. 

426 

fkempi .. 

.. 404,421,422,764 

myttocoide* 

..424,426 

mystaz 404, 

420, 421, 424, 425, 764 

porovo 

.. 424, 426 

purava .. 

404, 420, 421, 424, 764 

frambhae 

.. 404,428,764 

spinifar .. 

421 

tri 

426 

valenoienneai 

.. 421,422 

Enhydrina valakadien 

.. .. 127 

Entacmaea olivacea 

72 

EntomoBtraoa .. 

.. .. 19 

Entoprocta 

.. 122,127 

Eolidiidae 

866 

Epbemeroptera .. 

697 

Ephydotia 

62 

Epitonium hamatulae 

.. 332,337,346,866 

Equula 

..731,161 

blochii 

732 

cobaLla 

.. 730, 731 

coma .. 

733 

dentex 

733 

odentata .. 

.. 739, 761 

edentula .. 

730,731,769 

tnnfera .. 

.. 730, 731 



Page ■ 

Equula equuula .. 

731 

minuta, .. 

.. .. 733 

nuchale .. 

731 

mconius .. 

730 

terruUfera 

730 

totta 

730* 

Ergaailidae 

.. .. 779,803 

Ergasilus 

779,803,804 

bengalensis 

804 

bamiltoni.. 

804 

scotti 

.. .. 804 

aieboldi .. 

804 

Eriphiinae 

244 

Em tabs arvorum 

.. .. 178,186- 

Eryoinidae 

.. .. 333,360- 

Erythromma najas 

179 

Etox 

493 

pancJtax .. 

461 

■fEuolymene annandalei 

666, 667, 670, 672,648- 

Eunioidae 

.. .. 611 

Euratas 

183 

fonnidabilis 177, 

178,181,162,183,186,. 


697 

Euryte 

.. .. 793 

Enapongilla 

26 

Euterpe acuiijnmt 

836 

gracili'f .. 

836 

Eutorpina 

.. .. 780,836 

aoutifrona 

.. 780, 836, 846,847 

graciUt .. 

.. .. 836 

Evenchelya macrurus 

444 

Ezoaphaeroma .. 

889- 

gigaa 

.. .. 890, 891 

tparva .. 

878,890,891 

F 


Fabatus 

.. .. 183* 

tervut 

• < .. 183,186' 

Fabricia 

.. ..664,666 

fFabrioia (Manayunkia) spongicola 666, 667,670,. 


672, 668 , 666 

Faloiger 

.. .. 283 

Felia viverrina .. 

166 

Fenella 

• • • • 863 | 864 

pupoidea 

864 
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Fenella virgata .. 
JFicopomatuB .. 

tmaorodon 

Ficulina 

Finella 

Fluatra lacroixii 
Forcipula quadrispinoea 

Fcsaridae 

Fuoub 


Page 

[866, 866, 863, 864 

666 

566, 567, 666 
51 
863 
123 
188 

332, 345, 866, 857 
122 


Galatheidea 

Galeommidae 

Qammaridea 

Gangetica 

Garveia 

Hastrophyaus micropfUkolmus 


202 

.. 333, 351 
168 

.. 867, 862 
111 
507 


Gastropoda 

Gastroeaccinae .. 

■Gastrosaccus 

bengalensis 
erythraeus 
indicua .. 
kojnnaensis 
■fnmticus 

iionnani •« 
paoifions 
parvus •• 
sanotos .. 
fsimulans 
spinifer .. 


328,831,382, 334, 336, 341, 607, 

698 

• • • < • 152 

149,162,166,157, 168, 169 

168 
168 

.. .. 168 
.. .. 158,169 

160,158,164, 166, 166,157, 
158, 169 
.. .. 158,159 

.. 168 
168 

.. 163,166, 158,169 

151,166,166,167, 168,159 
162,163, 164,166,157, 
158, 159 


spiniferus.. 
vulgaris .. 
Gavialis 

gangetious 

Gasza 

argentaria 
argentarius 
tquulaeformM 
minuta .. 
tapeinoeoma 
Gelasimus 


167 


733 


161 
158,169 
172 
, 168,172 
733 
733, 734 
733 
733,734 
, 734, 768 
733, 734 
.. 221 , 222 


Gelasimus annulipes 

• • 

Page 

208, 204, 207, 221 

annulipes orientates 

• • 

221 

perplezus.. 

• • 

221 

Geocarcinidae .. 

• • 

202, 204, 241 

Geoligia 

a • 

..466,894 

perkinsii .. 


..466,894 

Gephyrea 

a • 

57 

Gerreomorpha 

a • 

728 

Gerres 

a • 

728 

aUipinnit 

a • 

.. 727, 728 

equula 

• • 

727 

erythroarum 

• • 

727 

JilammtosuM 

a • 

729 

japonica .. 

• • 

728 

lucid*u 

• • 

.. 727, 728 

ocyena 

• • 

737 

Oyena 

• • 

726, 727, 762, 767 

punctatus 

a • 

729, 762. 767 

setifer 

a • 

727, 728, 767 

Gerridse 

a • 

726, 767, 768 

Gerris 

a • 

178, 181, 726 

fossaram .. 

a • 

182 

nitida 

a • 

182 

8pinolae .. 

a a 

181,182, 697 

tristan 

a a 

182 

Gharialis 

a a 

118 

Giardella callianaasae 

a a 

803 

Glossogobius 

a a 

739, 740, 741 

abacopus 

a a 

741 

aglestes .. 

a a 

741 

biooeliatus 

a a 

.. 741,768 

brunneus 

a • 

741 

campbcllianua 

a a 

741 

giuris 

a a 

741, 768,887 

fmas 

a a 

741,748,768 

platyoephalus 

a a 

741 

Glossoscolecidae 

a a 

145 

Gtossosiphonia .. 

a a 

.. 673, 693 

ceylanica 

a a 

663, 671, 672 

ceylonenais 

• a 

696 

oomplanata 

a a 

672 

beteroolita 

a a 

511, 663, 671, 693 

heteroolita striata 

a a 

611 

Glyoera afrioaoa.. 

a a 

629 

alba 

a a 

.. 627, 629 

*alba ooohinanais 

a a 

566,567.687.628 
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Page 

Glycera alba maprohranohia 029 

convoluta 

629 

Glyceridae 

627 

Glycinde 

.. 571, 632 

armigera .. 

632 

foligodon 

566, 567, 570, 57J, 572, 629, 

Gnathoatoma 

631, 632 
.. 779,791 

Gobiidae 

740, 762, 768 

Gobiinae 

.. 739, 740, 768 

Gobiiformea 

.. 739,768 

Gobioidinae 

739, 757, 768 

GobiuB 

381, 383,740, 741, 743 

aeutipinnis 

743 

alboponctatna 

740,762,768 

aicocki* 

744 

chilkenris 

744 

melanoaticta 

743 

oatreicola 

.. 382,383,740,768 

tentaculoris 

750 

Gonoplacidae 

202 

Qmorhynchut brevis 

436 

fimbriatue 

436 

gohama 

436 

maorotomut 

436 

Gonothyraea 

106 

Qrammistes eervut 

719 

Grandidierella .. 

549, 654, 693 

bonnieri .. 

.. ..548,549 

fgileai 

521, 523, 552, 553, 554 

mahafalensis 

.. ..521,548 

megnae 521, 

523,548, 649, 550,662,554, 

Grapsidae 

693 

202,204, 231, 233, 236 

Grapainae 

231 

Gryllotalpa africana 

..188,189 

Gymnoblaatea .. 

67,69, 103,108 

Gymnodontca 

..606,766 

Gyrinidae 

177 

Gyroatoma 

.. 68,70 

tglaucum.. 

.. 69,70,71,72,691 


Halcampa 

Haliauthua 


H 

• • •» 88 
67, 08, 89 


Page 

fHalianthus limnicola 69, 89, 90, 91, 92, 96,102, 

691, 692 
779,796 
796 

779,796, 797, 842, 845,847, 

848 
796 

774, 779, 706 
184 

18,16,43,124 
13,41, 43, 111, 152 
873 
. 856,873 
554 
. 654,655 
654 
463 
463 
. 453, 455 
. 185,453 
453 
451 

443, 451,765 
159 
419 
. 779, 813 
813, 814,815 
774, 778,779,818,842,847, 
848, 849,851 
.. 779,810 

779.810, 813, 815 
836 

810,811, 813 

810.811, 812, 813 
774,779, 811,845 

775,776, 778, 779, 810, 842 

845 
812 
181 


Halioyclops 

aequoreus 
magniceps 

propinquus 
ftenuispina 
Halobates herdmani 
Halophila 

ovata 

Haminea 

crocata .. 
Hansenella longicomis 
Haplobranchua .. 

aeetuarinua 
Haplocheilus latipes 
Haplochilue argenteus 
eyanophthahmu 
meianostigma 
mdastigma 
fanchca .. 
Haplomi 
Haplostylua 
Harengus minor indiout 
Harpaoticella .. 
inopinata 
flacustris 


Harpaotioidae .. 
Harpacticua 

acultfron*.. 
chelifer 
gracilis .. 
•gracilis orientalia 
littoralis 

iwiremia .. 
Hebridae 

Hebrua bengalenaia 
Hemidactylus brookei 
frenatus .. 
Hemiporcellio .. 


carinatus 


hiapidua 


. 178,181 
. 168, 541 
. 168, 541 
. 477, 893 
145, 461, 462, 477, 478, 878, 

893 

.. 462,477,478 
















indn. 





Page 

Hemiporcellio immai 

• • 


.. 477,478 

HemirhamphuB 

• • 


381,383, 494 

brachynotopterus 

• • 


494 

limbatus .. 

382 

,383 

388, 494, 766 

tridentifer.. 

• • 


494 

Hermaeidae 

• • 


698, 702,866 

Hesionidae 

• • 


673 

Heterarthrandria 

• • 


778, 779, 782 

Heterodalanus serrioaudatus 

• • 


786 

Heterocerus maindroni 

• • 


188 

Hetarcmaatua 

• • 

671 

642, 644,646 

filiformia .. 

• • 


642 

faimilis 666,667, 

670, 

671, 

640,642, 646 

Heteroneria 

• • 


688 

Heteropanope .. 

• • 


242 

africana .. 

• • 


.. 243 

indioa 

204, 

207, 

208,242,243 

Hippidea 

• • 


202 

Hippocampus 

• • 


467 

brachyrhynchus 

• • 

443, 

467, 468, 766 

Hippolytidae 

• • 


293 

Hirudinea 

• • 


.. 611, 693 

Hirudo 

• • 


674 

Hialopia 

• • 


126 

HolocerUrus calcanfer 

• • 


714 

heptadactylue 

• • 


714 

jarbua 

• • 


719 

katkaya .. 

• • 


.. 720 

earvue 

• • 


719 

Homalopainae .. 

• • 


169 

Hurria 

• • 


169 

rhynchope 

• • 


170 

Hyale brevipes .. 

• • 

623, 

646,646,647 

nileeoni .. 

• • 


646, 646, 648 

rUUeoni bunentie 

• • 


646 

perieri 

• • 


648 

prevostii .. 

• • 


646, 647, 648 

stebbingii 

• • 


648 

Hydractiniidae 

• m 


.. 69,108 

Hydrobia 

• • 


331, 346, 346 

miliacea .. 

• • 


866 


myliacea aubangulafca .. 346 

Hydrobia (Belgrandia) myliaoea 332,334,346 
Hydrobiidae .. 332, 346, 697, 698, 861 

Hydrocorailinae .. .. 103 

Hydroidea .. .. 666 


Page 


Hydroidea norvegica 

.. 666,667 

Hydrametn vittata 

.. 178,181 

Hydrometridae .. 

181 

Hydrophidinae .. 

170 

Hydrophilidae .. 

19,177,178 

Hydrophis 

.. 169,170 

coronatue 

170 

obaourus .. 

.. 166,167,170,171 

Hydrozoa 

40, 67,68, 69,102, 691 

Hydras rkynckope 

170 

Hymeuicua 

.. 206, 218 

Hymenoaom atidae 

202, 204, 216 

Hyperomerista .. 

244 

Hypolopbua 

..409,668 

aephem 404, 

409,613,614,663,666, 668, 

763 

Hypsdobagra* oananm 

r .. ..434 

Iohthyobdella 

I 

668 

• 

Iohthyocampua .. 

466 

oaroe 

466,467,766 

potUtceriomu 

.. 467 

Idoteidae 

.. 877,891 

Idunella aequioomia 

.. 626,626,627 

fchilkenaia 

622,686,626 

Idya enetfmt 

817 

funata 

817 

Idyaea 

.. 780,817 

enaifera .. 

776.817,818 

*enaifera indica 

.. 774, 776, 780,817 

furoata 

776, 780,817, 818, 843 

Idyidae 

.. 780, 817 

Indomyais 

.. 160,161 

Indoplanorbia ezustaa 

867 

Inaeota 

697 

Ipbinoe 

396,398,694 

faanguinaa 

394,866,398,397,398,694 

triapinoaa 

.. 396,398 

Iravadia 

334 

Irene 

106 

oetjUmmeie 

104 

paUbenrie .. 

104 

laohnura senegalenais 

180 

bias 

.. ..778,782 




nv 


Index. 



Page 

Isias clavipes 

782, 783, 784 

ftropioa 

774,775, 778, 782, 784, 848, 

a 

844,845 

Isopoda 

145, 461, 693, 877, 878, 880, 


894 

leopoda Anomala 

• 

• 

• 

• 

00 

00 

Isopoda CMifera 

•• .• 878 

Ixa canalioulata 

256 


I 

Johnius 

724 

anei 

724 

carntta .. 

724 

Jugulares 

.. 739, 769 


K 

KeUya 

.. 340, 341 

chilkafiasis 

333, 350, 351 

mahoeafiasu 

.. 333,351 


L 

Labidooera 

.. 779, 789 

pavo 774, 

778, 779, 789,842, 843,844, 


847,849 

Labidura bengalensis 

188 

riparia 

.. .. 188 

Labrus longirostris 

- .. 726 

dyena 

.. .. 726 

sp. (quotas hatcMee) . , ,. 725 

LamcHibranchiata 

327,328, 329, 331, 332, 334, 


335,348 

Laonome 

571 

fiadica .. 

566, 567,570, 572, 662 

Laophonte 

780, 830,831, 832, 834 

brevicomis 

833 

chathameoaia 

776, 780,830,831, 832, 851 

cornuta .. 

* • 834 

minut.i .. 

•• •• 834 

mohammed 

776, 831, 832 

tquinqueepinoaa 774,780,882,842,848, 


851 

fttromi 

.■834 

Loophontidae .. 

.. 780, 830 

Laophontojms 

• • .. 780, 834 


Lates 

calcarifer 

darwinienais 

heptadactyku 

nobiUs 

Latrunculus 

L&xosuberites 


Page 
714 

714, 715, 767 
716 
714 
714 
761 

24, 38, 41, 42, 572, 689, 690 


aquae-dnldoris 23, 24, 26, 35, 37, 42, 43, 
44, 45, 47, 48, 49, 50, 52 
ecfcyoninus .. 50 

tl&oustria 23,24,25,32,43, 44,45, 47, 48, 
49,50, 51, 52, 113, 124,132, 655, 

690,692 


proteas .. 
rugosas .. 

Leander 

longirostris 
longirostris oaonatus 
longirostris japonious 
stylifenu 
Leiodon patoca .. 
Leiognathus 

argentatum 
argenteus .. 
argentium 
blochii „ 
edeniula .. 
edentulum 
edenluhu .. 
equuia 
oquulus .. 
JLeipocten 

tsordidolmn 


206,206 


Leonnates 

Lepadidae 

Lepas aoaerifera 

Lepidonotus 

Lepidoptera 

Leptoohela 

revena .. 
aooleooaudata 
carinata .. 
graoilis .. 
robusta .. 
aerratorbita 
Leptonereis 


50 

.. 42,50 

264, 273, 274 

273 

274 
274 

273, 274 
507 
730,731 
731 

730 

731 
732, 767 

731 
730, 731 
730, 731 
731 
730, 767 
243 

202,204, 207, 208,244, 245, 
246,247 

578 
137 
137 
573 
178,188 
310, 311 
311 

206,206,311, 312,314,316 
.. .. 310, 311 

.. 310,311,312 

.. 310,311,316 

.. ..310.311 

• • ». 578 
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Leptopus assuanensis .. .. 168,189 

Lepus ruficaudatus .. .. 165 

Leucucus dumuceU* .. .. 436 

stigma .. .. .. 436 

stdphureus .. .. 436 

Leucoaiidae .. .. 202, 204, 209 

Libellulinae .. .. .. 179,180 

Ligia .. 461, 463, 464, 466, 481, 894 

australiensis .. .. 894 

baudiniana .. 464, 466, 473, 474 

exotica 461, 462, 463, 464, 466, 466, 467, 
468, 469, 470, 471, 472, 473, 474, 693, 

694, 878, 894 

exotica birti tarsia .. .. 474 

gatdtehavdii .. .. 462 

italics .. .. .. 464 

novae-zealandiae .. 463, 464, 466, 470 

occidentals .. .. 466 

oceanica 463,466,468,470,471,472,481 
olfersii .. .. .. 466 

pallasii .. .. .. 466 

per kin Bi .. .. .. 894 

Ligiidae .. .. 470,877,894 

Ligyda exotica .. .. . • 462 

Liggdidae .. .. .. 894 

Limbrina indica .. .. 767 

Limnatis (Poecilobdella) granulosa .. 663, 673 


Litdopa 

• • 


337,340 

copiota . . 

• • 


.. 856 

kempt 

m • 


.. 698,866 

Litiopa ( Alaba ) ccpioea 

9 a 

332 

336,346,863 

kempi . . 

9 m 


332, 346,863 

Litiopidae 

9 • 


332, 346,698 

Littorina 

• • 


334 

Littorinidae .. 

• • 


867 

Lira.. 

• • 


498 

borneenais 

9 9 


.. 498, 766 

corsula .. 

9 • 


.. 498,766 

troschelii 

9 • 


.. 499, 766 

Lobolidae 

• • 


713 

Lobotee hexazona. . 

• * 


713 

Lobotidae •. 

• • 


767 

Loligo indica 

a • 


.. 19 

Longipedia 

• • 

779, 

804,806,843 

coxonata 770, 

778, 

779, 

804, 806,806, 


818, 

842, 

848,844, 846 

rosea .. 

• • 


779,806, 846 


Longipedia sootti 

Page 

.. 806 

weberi 

.. ..806,806 

Longipediidae .. 

.. 779,804 

Loxosomatoides 

46,121,128 

colonial 

121,128, 129, 130, 651 

flaevis 62, 

121,122,128,129, 130,131, 

Lubominkia .. 

132. 692 
27 

Lucifer 

202, 322, 323, 324, 696 

acestra .. 

.. 323, 324 

hanacni .. 

206, 323, 324, 326, 694, 

reynaudi .. 

696, 697 
.. 322, 323, 324, 325 

typus 

.. 322,323,324 

Luciferinae 

.. .. 322 

Lumbriconereia atlantica .. .. 626 

heteropod a 

624 

indica 

624 

tpolydeema 

666, 667, 670, 672,622, 623 

tetraura .. 

624 

fsimplex .. 

666, 667,670, 572,626 

bupa 

248 

Lutianus johnii .. 

718 

Lutjaninae 

..718,767 

Lutjanus 

718 

gymnoctphaJms 

716 

johnii 

.. ..718,767 

Lvtra eUioti 

165 

macrodua,. 

165 

vulgaris .. 

165 

Lycastis 

677,581,592 

albiuma .. 

581 

brevicomis^ 

581 

geayi 

581 

havraiienais 

.. 580, 581 

fin dies •. 

666,567,578,579,680,581 

onanazyensis 

581 

aenegalenais 

681 

Lygosoma punotatum 

168 

Lyonais •. 

.. 336,340,341 

aamal-insulae 

M .. 333,357 

Lyonaiidae 

..333,367 


M 

Maorodiplax 160 

Maoronee • • 434, 435 
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Macrones cavadus 

Page 

.. 404, 434, 435, 765 

gulio 

.. 404, 434, 435, 765 

vittatua .. 

.. 404, 434, 435, 765 

Macrophthalminae 

00 1 
<M ( 
C* ' 

• 

• 

• 

• 

Macrophthalmufl 

228 

definitua .. 

230 

j-gaatrodes 

202, 204, 828, 229, 230 

latreillei .. 

256 

serratoa .. 

230 

Macropsis 

169 

orientals 

149,151, 162,169, 160,161, 

Macrura 

167, 694 
.. 310, 311 

Uactridae 

..833,366 

Uaera othonidee.. 

523, 536, 636 

Malacopterygii .. 

.. 406, 413, 763, 764 

Maldanidae 

..648 

Manayunkia 

571, 654 655 

apecioaa .. 

.. 654, 665 

Marphyaa 

620 

californioa 

620 

tgravelyi 

566,567,570,572, 617, 619, 

moesambioa 

620, 621, 622 
620 

aanguinea 

620 

teretiuaoula 

621 

Marteda 

334 

striata 

.. 333, 356 

Mastacembelidae 

.. 762, 769 

Mastaoembelua .. 

762 

armatus .. 

.. 789, 762, 763, 769 

atrongylvnu 

493 

Mastobranchus .. 

642, 643, 647 

findicua .. 

566,667,645,646, 647 

Matla bengalenda 

565,567,643 

Matuta 

.. .. 209 

victor 

204,206,209 

Medusa 

561 

Megalopa 

417 

cyprinoidea 

404, 417, 763 

JUnmentonu 

417 

indicut .. 

417 

Megaacolecidae 

145 

Meinertia imbrioata 

887 

Melania 

339 

tuberculata 

338 

Mdetta lilt 

426 


Melita inaequistylis 

Page 

.. 621, 522, 528, 535 

insatiabilifl 

535 

messalina.. 

535 

palmata .. 

635 

tenuicomis 

636 

zeylanica 

635 

Membranipora .. 

.. 123, 692 

bengalensiB 

.. 121,123 

hippopus .. 

121,122,123, 124, 344, 356 

lacrourii .. 

548, 692 
123 

tuberoulatft 

122 

Mena chilkaea .. 

691 

Meretrix 

4,334,339, 340, 341, 699 

casta 

333,335, 338, 351, 362, 699 

meretrix .. 

333, 351 

morphina.. 

331 

ovum 

.. 333,335,340,352 

Mertte ohilkafinais 

331 

satparatoda 

331 

acripta 

831 

Mesenchytraeus .. 

144 

Mesochra 

.. 780, 824, 826, 845 

aeatuarii .. 

826 

birtioornis 

826 

liUjeborgi 

826 

meridionalia 

826 

nana 775.776,780,824,825,826, 848, 

pygmaea .. 

845 

827 

Meaocyclopa 

..T79.798 

obaoletUB 

775,777,779,798, 844, 846, 

oithonoidee 

848, 849, 850 
775,779, 799, 842, 849 

Metoprion flavipinnu 

718 

johnii 

718 

unimacuiatui 

718 

Mesovelia mulsanti 

.. 178,181 

Metopenaeut 

.. .. 320 

Metapeneus 

.. .. 320 

affinit 

921 

dobtoni .. 

.. 321 

monoccro8 

.. 321 

Metaplax 

.. 206,231 

Metaaeaarma rouweauxi .. 207 

Metridiinae 

72,75, 76, 78, 691 

Metridium 

72, 73, 74, 75,76, 79, 85 
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Metridium BohiUeriannm 67, 70, 73, 74, 76, 76, 77, 

78, 81, 82, 86 

schiUeriantm esnd .. 72, 76, 79, 86 

JMicrapocryptes.. _ 739, 751,762 

brachypterus .. .. 754 

ffragilis .. 739, 751,752, 753, 764, 768 

MiozodentopuB .. 548, 549, 554 


JMicrapocryptes.. 
brachypterus 
ffragilis .. 
Miorodentopus .. 
gryllotalpa 
megnae .. 
propinquus 
webs ten • • 
Microhyla omata 
Micxonecta min the 
proba 
Micronereis 
Microsetells 

atlontica .. 
norvegica.. 


549 
. 548,549 
549 
549 
. 168,174 
183 
. 178,183 
678 
. 779, 809 
809 
. 779, 809 


Modiola 32, 52,180, 328, 334, 340, 341, 358, 360, 

366, 699, 700 

annandalei .. 360,362,363 


cdator .. .. 360,362,363 

chilkaenris .. 358,359,360 

cochinensi* .. 360, 361, 362, 363 

emarginata .. 360,361,362 

jenkinsi .. .. 360, 362, 363 

lacustris .. .. .. 361 

striatula 41,180, 833, 336, 340, 350, 358, 
360, 361, 362, 364, 699 

subramoea .. .. 362 

iaprobanenrit M 360,362,363 

undulata 333, 335, 337, 360, 358, 359, 
360, 361, 362, 410, 699, 700 

undulata oraaeicoatala .. 358, 369, 362 
watsoni .. .. .. 358 

Molluscs 328, 329, 834, 335, 336, 337, 341, 358, 

364, 365, 366, 697 


Mollusoa Gastropoda 
Mollusoa Nudi branohiata 
Monaxonellida .. 
Monhystera uria 
Monoculodes megapleon 
Monodaotylus .. 
argenteus.. 
falciformie 
rhombeus .. 
Monopylephorus.. 


327, 329, 855 
865, 376, 377 
23,25 
622 

.. 527, 528 
.. 734,735 
734, 735, 768 
734 
734 
489 


Monopylephorus afrioanus 


Mugil 


Mugilidae 

Mungos auropunotatua 
Muraena 

arabioa .. 
bagio 

macron .. 
macrttnu 

Muraena (Toto) oine r m 
Muraenesoz 
bagio 

bengalmmi 
oinereus .. 


glaber 

• • 

.. 488, 489 

limosus .. 

• • 

.. 489, 490^ 

parvus .. 

a • 

485,486, 489, 693 

• • 

• • 

496, 496, 497 

adjuetua .. 

• • 

498 

oxiUoru .. 

• • 

.. 496,498 

belanok .. 

• • 

.. 496, 496 

bleekeri .. 

• • 

497 

bontah .. 

• • 

496 

bomeentie 

• • 

498 

caeruleo-maculatuB 

• • 

.. 497,766 

cephalotue 

• • 

495 

cephalus .. 

• • 

495, 496, 766 

chanoB 

• • 

.. 417 

cortula .. 

• • 

498 

cunneeios. . 


495,496, 763, 766 

duMIMtMTt 

• • 

.. 497 

a »gti 

* • 

496 

gymnooephalua 

• a 

496,496, 766 

japonicus. . 

• • 

495 

jerdoni .. 

• • 

.. 497, 766 

laevis 

a • 

497 

longimu mm 

• • 

496 

macrolepidoUa 

• • 

495 

6dr 

a • 

.. 496.496 

oeur 

• • • 

m 

talmtmmu 

• 9 

417 

speigleri .. 

• • 

.. 498, 766 

Bfuamipimme 

• • 

496 

subviridis 

•-a 

.. 497,768 

sundanentu 

• • 

497 

suppositus 

• • 

498 

trosobeUi .. 

• • 

499 


495,766 

165 

443 

443 

443 


443 

443 

443 

443 

.. 443, 765 
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Mur&nesox hamikoniae 

• ft 


443 

tricuspidata 

• • 

• • 

443 

Muraenidae 

ft ft 

• • 

444, 760 

Muraenophis bagi 

ft ft 

• • 

444 

Muricidae 

332, 

343, 698, 

856, 870 

Myacidae 

ft ft 

• • 

360 

Myidae 

ft ft 

• • 

333, 356 

Myliobatidae 

ft ft 

• • 

411, 763 

MyliobcUis nieuhofii 

ft ft 

• • 

413 

Myriochele 

ft ft 

« • 

071, 639 

heeri 

• ft 

• • 

640 

fpicto 

666, 

067, 670, 

072,688 

Mysidacea 

a • 

15, 

149, 694 

Myaidae 

149, 

160,101, 

155, 161 

Mysinae 

ft ft 


159 

Mytilidae 

ft ft 

333, 

349, 699 

Ifytilus 

ft ft 

• • 

349 

smaragdinus 

ft ft 

333,338, 

349, 301 

Myrospongida .. 

ft ft 

• • 

24 

Dflysomyia listoui 

ft ft 

• • 

187 

llyzorhynohus fowled 

ft ft 

• • 

187 

oigerrimus 

ft ft 

• • 

187 

N 




Naididae 

ft ft 


144,490 

Nais 

ft « 


127 

oAmmnnin 

ft ft 


141 

paraguayensis 

ft « 


141 

Narcomedusa 

ft ft 


67,68 

Narcomedusae .. 

ft ft 


69, 103 

Naasa 4, 261, 202,334, 

330, 

340,342, 

700, 867, 



867, 

868, 869 


denegabilis 332, 334, 330, 337, 342, 343, 

698, 806, 867, 868 
ennureusis .. .. 868 

ennureusis depauperate .. 869 

labecula 109, 200, 332, 330, 339, 342 
marrattii .. 332, 339, 342, 806, 807, 868 

oriasaAnsis 332, 334, 330, 337, 340, 342, 
343, 698, 800, 867, 868, 869 
orissaAnsis ennureusis .. 340, 343 

aiatroidea 332, 342, 806, 867, 868 

atricta .. .. .. 868 

Naasa (Eione) labecula 866, 867, 868, 869, 870 

Nataidae 331, 332, 839, 342, 698, 866, 867,867 
Natantia .. .. .. 200 


Natica 

maculoBa 
maroohiensis 
Naticidae 
Nematocera 
Nematura 
Nemertea 
Neomysis vulgaris 
Neosoleu aquae-duldoria 
Nephropsidea 
Nephthydidae .. 
fNepthys oligobranchia 

fpolybranohia J 

Nepidae 

Neptunus 

pelagioua 

sanguinolentua 

Nereidae 

Nereis 

camiguina 
kerguelenais 
pelagica .. 
variegate 

fNereis (Nereis) «billra«nM 

fglandicinota 
freducta .. I 

Neritidae 

Neritma 

souverbiana 


Page 

.. 200,201, 202, 331 

331 
331 
331 
186 

364, 366,366 
19 
160 
699 
293 
607. 

666, 667, 670, 672, 610* 

066, 667, 070, 672, 607, 
608, 610, 611 

.. 181,182 

.. .. 248 

.. 204, 206, 248, 690 

207 

.. 82, 076 

.. 076,078,090,608 

097 
692 

..676,077 

697 

666, 067, 070, 672, 
684 ^ 686 

066,667,688, 091, 092 

666, 067, 070, 572, 592, 

608,094 

332, 347,806, 807, 809 
109, 334, 860 

.. .. 866, 860 


Neritina (Theodoras) souverbiana 332, 340, 347 


Neritinae 

Niphargus 

fohilkenaia 

Nitoora 

fragile 
oiigoohaeta 
simpler . 
spinipes . 


869 

022,632, 033, 636, 693 
622,081,034, 630, 879 
780,827,829 
829 
828 

.. .. 828 

.. .. 776,827 


"spinipes orientalls 774,776,777, 780, 827, 

842, 843, 848 


typioa .. ... 776,827,828 

♦typioa laoustria 774,770,780, 828, 846 
yahiai .. .. 780,829,861 

Notoneotidae .. M M 181,182 
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Page 

Novaculina 
Nudospongilla .. 
aster 

Ntarsia ypsilon .. 

Nymphula dimirratalis 
Nyssorhynohus foligmosna 


o 


Obelia 

.. 106,107 

terrulata .. 

107 

spinulosa 

69, 106,107 

Oceania globoea .. 

108 

Oohteridae 

.. .. 189 

Oehterus marginatos 

189 

Ooypoda 

.. 218,222,227,262 

cord im ana 

218 

macrocera 

204, 207, 218, 219, 220 

platytan is 

.. 204, 218, 220, 221 

Ocypodidae 

202, 204, 218 

Ooypodinae 

218 

Odonata 

.. 178, 697 

Odostomia 

867 

chilkafim 3 

332,347,866 

Oedioerus novi-sealandiae .. • • 631 

pulictformie 

..627,628 

Ogyrides 

284 

Occident is 

.. 287,288 

sibogae .. 

..286,287 

fstriaticanda 

202,206,207, 884, 286,286, 
287, 288, 289 

Ogyrie 

284 

Oxtbona 

774, 779, 791, 843, 849 

brevioornis 

774,779, 792, 842, 843, 844. 
846, 846, 847, 849, 860 

helgolandica 

... .. 791 

nana 774, 

779, 791, 792, 844, 846, 847, 


849, 860, 861 
..779,791 
141,142,144, 486, 693 
.. .. 834,366 

366 
32 

Ml 

462, 470, 482, 877, 893 
.. 461,466,893 


Oithonidae 

Oligochaeta 

Onohidivim 

verruculatum 
Onobolaimus ohilkeniris 
indious .. 

Ofiifloidae . . 

Onuooidea . • 

Onisous • • 


62 
64 
211 
178,188 
187 




Page 

Onychocamptiu heteropna 

• • 

832 

Onychocorycaeus 

• • 

.. 779,803 

Onychopbora 

• « 

622 

Operculata 

• ■ 

138 

Ophicephalus 

• • 

604 

indicue . . 

• • 

606 

piwctatus 

• » 

604 

Ophichthu 

• • 

446,446,447 

asakusae .. 

• • 

447 

biserialis .. 

• • 

.. 447, 448 

boro 446, 448, 449, 

460, 461, 766 

■{■chilkenais 

443,446. 446,448, 766 

frontalis .. 

• • 

447 

hijala 

448,449, 460,461, 766 

microcephalns 

• • 

447 

miyamotonis 

• a 

447 

rbytidoderma 

• • 

447 

tsuchidae 

• • 

447 

Ophichthus (Bascaniohthya) hemisona .. 447 

Ophichthyidae .. 


446,762,766 

Opkichthge 


446 

bon 


.. 448,460 

hycua .. 


448 

Ophidia 


.. 167,169 

Ophiocephalidae. . 


.. 604,766 

Opkiocephaim affime 


606 

karrouvei 


604 

lata 


604 

punctatue 


606,763,766 

Opkieuroidee 


444 

Ophiewve 


446 

boro 


460 

caudatue .. 


.. 448,460 

grandoeidie 


448 

karaneha .. 


460 

hijala * .. 


448 

hyala 


.. 448,449 

ntim'mtu .. 


448 

roetrata 


.. 449,460 

roetratue .. 


.. 448, 449 

t xrmtfonme 


448 

Opistbobranohia 


698 

Opiatbobraoobiata 

- 

~ 341 

Opiatboglypba .. 


.. 167 

Opistbomi •• 

a* a 

739,762,769 

Oroaella breviroatria 

.. 160, 

166,166,168 
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OrceUa brwirosUris 
fiuminaUe 
'jOrchestia agiUt .. 
anomala . • 
flaresiana 
incimana 
mortem 

nilssoni kuriensis 
pickeringii 
plateaus 523, 538, 539, 
tucurauna 
Orytias • • 

latipee 
Oatariophyai 
Osteogenioeue cantons 
militarifi .. 

Oatrea 

crassisaima 
oucullata 
gryphoidea 
gryphoidea ont t no koiwia 
lentiginoea 
madraaenaia 
rostrata .. 
virginiana 
Ostreidae 
Owenia 

fuaiformia 
Oxyrhyncha .. 

Ozystomata . • 

Oxyurienthya «• 
tentacularia 


538, 


538, 
540, 541, 


Page 
166 
166, 167 
539,640 

540 
542 
640 

541 
546 

539,540 
693, 697 
540 
455 

.. 453, 455 
405, 428, 764, 765 
430 
430, 764 
344, 349 
349 
336, 349 
349 

348 
336, 349 

349 
348 

348, 349 
332,348 
640 
639 
202, 293 
204, 209 
760 
750,768 


404, 
35, 337, 340, 
• • 
332, 


332, 


332, 336, 338, 


Pachygrapsua 

propinquua 


231 


202,206, 207, 208, 231, 232, 
695, 700 

511 
857 

... 541 

.. 165 

.. 205, 249 
^ .. 205,208, 249 

Palaemon 203, 264, 265, 267, 273, 281, 695 

biunguioulatua .. .. 282 


Pachylabra 

vireos 

Panhyura hodgaoni 
Pachyurua hodgaoni 
Paguridae ... 

Paguridea 


Page 

283 
268 
293 
293 

203, 205, 208, 233, 264, 265, 
268, 695 

273 

203, 205, 208, 264, 266, 267, 
268, 271, 272 

203, 205, 208, 264, 266, 267, 268, 
270, 272, 695 

acabrioulus 205, 206,264, 272, 273; 293, 

695 

etyliferus .. .. •• 273 

tmguiculatue .. 

Palaemon (Eupalaemon) lamarrei 
Palaemonetea .. • • 

203, 205, 264, 268, 270, 274, 293, 

319, 695 


Palaemon carcinua 
danao •• 
dolichodactylus 
dubiua 
lamarrei 

longtro8tns 
malcolmaoni 

rudis 


Palaemonidae 


Palaemoninae 
Palinura 
Palpomyia 

polyatdota 
Paludeatrinidae 
Paladioella 
Paludioellidae 
Paludioellina 
Paludomua 
Panohaz 

argenteus 
buchanani 
cyanopfuSalma 
kuhUe 
panohaz .. 
Pandalidae .. 

PandaluB 

annuhcomis 

montagui 

Pangaaiua 

buchanani 
pangaaiua 
Panulirua .. 

Paraoalanidae .. 
Paracalanua 

oraaairoatria 


264 
202 

178, 186, 187 
187 
861 
124,125 
124 
124 
365 
451 
453 
451 
453 
451 

451, 452, 454, 765 
293 
299 
293 

155, 293, 316 
429 
429 

404, 429, 764 
137 
778 
778, 780 
774, 777, 778, 780,842, 843, 


282 

265 

274 


844,846, 846,847, 848, 849, 850, 851 
dubia .. «• .. 781 
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Paraoalanus pygmaeue .. .. 780, 781 


Faraoalliope 

• . .. 631 

fluviatilis 

621, 622,629, 630, 631 

Paxaoorophium ezoavatam . . ,. 622,663 

Paradis olivacea 

• 

• 

• 

• 

to 

Paradiastylis 

•. 396, 398 

■fouliooidea 

394,898, 399, 400, 401, 402, 


694 

longipee . . 

400, 401, 402 

Paramelania 

346 

Paianereis elegana 

697 

ParapaaiphaS 

311 

Paraaesarma 

240 

Parataenia meduaia 

410 

Parategaatea 

.. 779,816 

clauai 

816 

nigrana .. 

816 

ephaericus 

.. 774,776,816,816 

•sphaericna ahnilia 774, 778,779, 816, 


842, 843, 846, 848, 861 

Parathelphuaa apinigera . . .. 233 

Paratelphusa (Oziotelphnaa) hydrodrotaua 206 

Paratya curviroatria 

622 

Paaiphaaidae 

. . $06, 310, 311 

Paetrocope 

.. 799, 800 

robnata .. 

799, 800,801 

Pedicelliaidae .. 

.. .. 132 

Pedunculata 

.. .. 187 

Pelecypoda 

.. 697, 699, 700 

JPeloooetee 

73, 74, 76, 76, 86, 88, 691 

exul 

69, 76,86, 86,87, 88, 691 

Pelogonidae 

.. .. 189 

Peloohelys oantoru 

173 

Penaeidae 202, 206,316,817, 319, 320, 321, 696, 


696 

Penaeidea 

.. 206, 816 

Penaeopais 

208, 320, 322 

nffinii ., 

206, 320, 321 

dobaoni .. 

206, 207, 208, 320, 321, 322 

monooeroa 

206, 206, 320, 321, 322 

aenatua .. 

320 

Penaeua ' .. 

.. 208,316,317,320 

aabiaka .. 

317 

oaeruleua 

318 

carinatus 

206, 206, 207, 317,318, 319, 

320, 696 

graoilia •• 

319 


PenaeuB indicoa.. 


Page 

206,206,817,319, 320, 696 


indicue longiroetrie 
monodon .. 
Peneopais dobaoni 
monooeroa 
Peneue 

indicue .. 
semieulcatue 
Pennaria 
Perea calcar 
mfgha 

ep ( kedputa) 
sp. (pandoommoo) 
Perceaocea 
Perciformee 
Peridimenes 

aeeopiua .. 
borradailei 
brevinaria 
danae 
fdemani 


696 
317 
319 

.. 317, 318 
107 
714 
716 
720 
714 

.. 493, 766 
.. 713, 767 
202, 264, 274, 276, 279 
282 
282 
282 

..282,283 
202,206,207,208,279,280, 
282,283 

edwardai .. .. .. 282, 283 

elegana .. .. .. 282, 283 

enaifrona .. . . .. 282, 283 

enairostria .. 280 

grandee 282 

tenuipee .. 282 

viiiensie .. 282 

PeridimesM (Perielimenee) indicua .. 696 

Perigonimua .. .. .. Ill 

Perinereia .. 672,678 

fmarjorii 666,667,670,672,673, 696, 696 
Perioculodea Jongimanua .. 622, 627,628 

serra .. 628 


319 
317, 318 


Periophthalminae 
Periophfchalmua .. 

koelreuteri 

Petrioola 

esoulpturata 

Petrioolidae 

Petroaoirtea 


739, 766, 768 
766 

766,763,768 

340 

333, 336, 623 
.. 333, 362 
366, 381, 383, 387, 761 


bhattaoharya* 882,383,380,739,761,769 
Pheruea auetralie 622,629, 630 

Phialidium .. .. 107 

faruofaram 69,107,691,692 
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Fhialidium globosum . 

108 

iridescens.. 

108 

Philine 

871 

Philocheras 

.. 260, 261 

Philyra 

212, 214, 694 

adamai .. 

214 

falcocki 202,204, 208, 818, 214,216, 694 

fuliginosa.. 

216 

olivacea .. 

213, 214, 216 

sexangula 

216 

Pholadidae 

333, 334, 366 

Pholaa 

366 

Phortis 

106 

oeylonewria 

104 

palkensi* .. 

104 

Photia 

666 

dolichommata 

666 

longicaudata 

. 628, 631,664,666 

long im anus 

666 

reinhardi 

666 

Phragmitea 

18 

Phreatogammarufl propiiiquus •. 535 

Phylaotolaemata 

62 

Phyllangia 

..902,903 

^mAriftana 

903 

oonferta .. 

903 

Phyllobotbrium pammicrum 

410 

Phyllodoce 

673 

Phyaodon 

406 

mulleri .. 

404, 406, 768 

$Phytocoetea 73,74,76,76,78, 79,86, 87, 94, 


691 


tchilkacms 

'fgangetious 

Phytozoa 
Pimelodus ariut .. 
carcio 

cavaeiut .. 
gttlio 

indicus .. 
pangasiu* 
eeengtee .. 
Pinnothcridae ., 
Pirates lepturoidea 
Piscicola 


69,74,75,76,88,88, 84,86, 

691 

70,74,76,76, 79,80, 82,83, 
84, 86, 691 

72 

432 

436 

434 

434 

436 

429 

434 

202 

189 

666, 667, 668,671, 693 


fPiBcioola oaeoa.. . . 

Page 
668, 686, 669 

slogans .. .. 

.. 668,671 

geometra 

612 

tolivaoea 618,613,614, CM, 664,606, 

Pieoodonophis boro M 

667 

448,460,461 

potamopheku 

460 

rutidematoides .. 

447 

Plaoobdella 

173 

femydae .. .. 

614, 616,663 

Placuna 

.. 4,6,86 

plaoenta .. 

388 

Plagioatomi 

.. 406, 768 

Plaguaia depreasa .. 

241 

depreasa immaoulata .. 

241 

depreeea squamosa 

241 

depreasa tubaroolata 

204, 206, 241 

immaculata .. 

241 

orientate .. 

241 

tuberculata 

241 

Plaguaimae .. •. 

241 

Planorbis 

338 

Plantala flayeeoena •• 

180 

Platanista gangetioa .. 

.. 167,172 

Plataz 

736 

Plateaaa ruaaellii.. 

768 

Platioidae 

736 

Platybdella 

668 

Platycephalidae 

.. 762,769 

Platyoephalus .. 

768 

inaid iator .. 

739,762,769 

tihamue .. 

721 

Platycheira 

214 

Platynereis .. .. 

.. 678 

Platystacus anguiUat t .. 

428 

Pleotognathi 

498,606, 766 

Plectropoma calcartfer 

716 

oaloaryferum 

716 

Plectropomus oalcaryfer 

.. 716 

Pleurobranohia globoea 

117 

*globoea bengalenaia 

. ..11/, 692 

globoaa oeylonenaia .. 

.. 117 

Pleuiooaenia .. .. 

.. 902 

alveolaria 

903 

provinoialia 

~ 903 

Plotoaua 

428 
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572 


506,567 


02,121,344 


Plotoaus anguillaria 
oaniua 
Plumatetta 

punctata longigemmia 
Podager 

Poeoilia latipee .. 

Poeoiloetoma 
Polychaeta 
Pohydactyhu rhodium 
Polydora 

antennata 
oiliata 

hornelli .. 066, 067, 070, 

polybranohia 

fPolydora (Carazda) kexnpi 
Polynemidae 
Pdgnemus qwukifiK* 
eottiah .. 
taria 

tetradactylus 
Polycoa M 

Pomatoceroa 

triqueter .. 

Pamatoategua .. 

Pontellidae 
Pontobdella 

Pontodiilua .. .. 

bemudenaia .. 

bermudensia ephippiger 
bermudenda inaularia 
ephippiger 
tnndari* .. 

Pontoniidae 
Pontoniinae 
Pantophilua .. 

biapinoaua 
ecbinulatua 
fhenderaoni 203,206,881, 
nanus .. 

apinoaua .. 

Poroellio 
Poxifera 
Poctunidae 
Portunus 

Potamaroba obscura 
Potamidea 138, 250, 251, 202, 831, 


32 


Page 

428 

404, 428, 764 
125 
122 
726 
453 
779, 799 
, 565, 693 
499 
636, 637 
636, 637, 638 

635 
, 634, 635 

636 
,888,637 

499,766 
499 
499 
499 
499 
,548,692 
650 
656,607 
660 
779, 789 
, 669,670 
142,140 
146 
146, 693 
145 
140 
140 
274 
264 
260 
261, 263 
260,261 
, 263, 289 
261 
260 
478 
690 
, 204, 248 
248 
180 
340, 341, 857 


668 , 


262 


202 , 


Potamidea oingulata 
oingulatua 


Page 

698 


855,865,866 


fluviatilia .. 109,250,800, 860 

fiucum .. .. .. 800 

Potamidea (Teleaoopium) fuaeum 332,339, 344 
Potamidea (Tympanotonoa) oingulatua .. 866, 866 

fluviatilia 127,332, 335, 336, 339,342, 

344,698 


Potamilia .. 601, 654 

fleptochaeta 066, 667,801 

torelli .. 601 

Potamogeton 12,16,124, 178,181, 186,187, 
188, 309,330, 357,308, 36G, 691, 692. 


pectinatua 

Potamomysia 

aaaimilia .. 
Potamouidae 
Poittaiella 


Ptiopia 


gymnooephalua 


Priatidae 

Priatia 


696 

12,548,692, 696,862, 892 

160 

149,100,102,160,161, 694 

231 

124 

716 

.. 716, 717,763,767 

.. 406,763 
406 


pectinatua 
Proaobranohiata 
Proeuberitea 
Proteroglypba .. 
Protozoa 
Pruvotella 
Peammobia 

nnhfflfiniirii 
Paammobiidae .. 
Paammocollua auatralia 
Paettiaa 
Paettua 

argetdeut .. 
oommereonU 
falciform** 
rhombcu* .. 

Paeudagrion auatralaaiae 
microoephalum 

Paeudoambaaaia 

Paaudodiaptomoa 
acuta ,, 


404,406, 763 
342 
37,43,46 
167 

19,113,118,548 

.. Ill 
340 

.. 333,303 

.. 333,353 
640 
735 
735 

.. 734,730 
734 

.. 734,730 
734 

.. 179 

178,179,180,697 
715 

774,778, 784 
784 


aurivilii .. 


774,777,778,784,780,787. 
842, 844,846, 848, 849, 861 

735 
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Paeudodiaptomus binghami 774, 778, 784, 78B, 

786, 787,842, 846, 849 

coronatus • • • • 

forbesi .. • • • • 

gracilis .. • • • • 

hessei .. • • • • 

hickmani 774, 777, 778, 784, 786, 786, 
842, 846, 848, 849, 861 

lobipes 776, 777, 778, 784, 786, 786, 787. 

848, 849 

riohardi .. .. • • 784, 786 

salinus .. .. • • 784 

serricaudatus 776, 778, 784, 786, 786, 847 
stuhlmanni . • 784,786,786 

tollingeri 774,777, 778, 784, 787, 844,848 

Pseudolales cavtfrons *. 716 

Pseudomyzomyia Utdlowi •. 167 

rotei .. .. • • 187 

Pseudonereis novae-hollandiae •. 697 

Pseudopbilyxa .. • • 214 

Pseudorhombus .. >. • • 768 

araiua 739, 768, 769, 762, 768 

russelli .. .. •• 768 

Pseudosciaena albida .. •• 724 

PseudoBuberites .. 36,37,38 

Pterapon trivittatua ... • * 720 

{Pterobdella .. •. .. 668 , 671 

t&m&ra .. 663, 668 , 669 

Pteropoda .. .. .. 19 

PtychognatbuB .. .. . • 234, 236 

andam anions .. .. 231, 234 

barbatuB .. .. .. 234 

dentata .. .. .. 234, 236 

eaaterana .. .. 234 

johannae .. .. 234 

onyx .. .. 204, 234, 236 

pusillus 234 

riedeli .. .. .. 234 

Puniius modestua .. .. 436 

aophore .. .. .. 489 

atigma .. .. .. 436 

t nUatus .. .. .. 439 

Purpura .. .. 23, 124,343 

carinifera .. _ 249 

Purpura (Thais) carinifera .. ••SB, 127 

IPygmaeonaasa .. .. 867, 868 , 869 


PBeudonereis novae-hollandiae 
Pseudopbilyra .. •. 

Pseudorbombus .. 

araiua .. 739, 

russelli .. .. 

Ptmdosdaena albida .. 

PseudoBuberites .. 

Pterapon trivittatua •. 

JPterobdella .. *. 

famara .. 

Pteropoda .. .. 

PtycbognathuB .. 
andam anions 
barbatus .. 
dentata .. 

eaaterana .. 

johannae 
onyx 
pusillus 

riedeli .. .. 

Puniius modestus 
aophore .. 

atigma 
vittatus .. 

Purpura 

Carinifera ,. 

Purpura (Thais) carinifera .. 
^Pygmaeonaasa .. 



Pag* 

Pygmaeonassa denegabOia 

866,866 

orisBaenais 

866,866,868 

Pyralidae 

188 

Pyramidella (Mormula) 

347 

Pyramidellidae .. 

332, 347, 866, 857, 866 

Pyrazus palustris 

.. ..866 

Pyrgulina 

.. 337, 340, 867, 867 

eocleeia .. 

.. .. 866 

humilifl . • 

332,336,347, 866, 867 


347 

nadiansifl 

866 

Pytbia 

.. .. 334 

Pyxidognathua .. 

236 

Q 


Quadrivisio 

.. ..693 

bengalenma 

621, 623,537, 638, 693 

R 


RasafiageOum .. 

411 

guttata 

411 

imbrioata 

408 

nichojU .. 

413 

concur 

409 

sephen .. 

409 

uamak 

407 

Raja 

411, 412 

Rana brevicepa .. 

..168,174 

oyanophlyotis 

167, 168, 173, 614, 671 

Ranatra sordidula 

182 

Ratusa 

.. 871, 872 

truncatula 

872 

Ratusidae 

866 

Rhabdura macrura 

.. 763, 766 

Rhopalopthalmua egregiua 

694 

Reduviidae 

189 

Reptantia .. 

.. 204,696 

Reptilia 

167 

Retuaa .. 

341 

esbriata .. 

871 

Rhabdura maorura 

444 

Rhaoophorua maoulatua 

168 

Rhagovelia nigrioanB 

.. .. 181 

Rhipidoglossa .. 

866 













Indmc. 



Page 



Page 

Khiaangia 

.. 901, 903 

Boiaena ooibor .. 


724 

brauni 

962 

editor 


767 

brevissima 

902 

inddea 


726 

martini .. 

.. 902 

jarima 


719 

michelini 

902 

maUbariea 


722 

sedgwidd.. 

902 

russeUi 


726 

Bhizocephala 

137 

ea/gha 


716 

Rhizodrilus 

.. 486,489 

Bciaenidae 


724 

kermadeoenais 

490 

8cintilla 


341 

Rhizostomata .. 

67,69,96 

cbilkafinaia 


338,340,861 

Rhisostomata Triptera .. 69 

hydatina .. 


361 

Rhopalophthalminafi 

161 

Solerodermi 


.. 606,766 

Rhopalophthalmus 

161 

8oleroparei 


.. 739,769 

egregroa .. 

.. 149,160,161,162 

Sooloploe armiger 


634 

Rhynchoplax 

218 

kerguelenais 


634 

Rhynohota 

177,178, 181,188,189, 697 

tmamapialia 

666,667, 

670.672,612.633 

Rissoidae 

.. 866,861 

RcomberJ 


731 

Rissoinae 

86S 

edmtuUu .. 


730 


886 

eqmda 


.. 730,731 

australis .. 

886 

fiavescena 


730 

orientalis 

..878,886 

minutut .. 


.. 733,734 

Boktee tiato 

438 

rkombms .. 


734 

Rotatoria 

19 

Soombreeocide .. 


.. 493,766 
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FAUNA OF THE CIIILKA LAKE 


PREFACE. 

Some years ago a series of short papers on the fauna of brackish pools at Port 
Canning in the Gangetic delta was published in the Records of the Indian Museum 
I had intended to make these the basis of a much more comprehensive study of the' 
fauna of brackish water in Bengal and other parts of India, but as time went on it 
became evident that the area of these pools was too limited, and their biological 
equilibrium too subject to interference on the part of man, for them to be regarded 
as in any way typical. On several occasions I had visited the Chilka Lake for the 
purpose of collecting the animals of its shores and islands, but it was not until July. 
1913 , when bottom-nets were used for the first time, that the real interest of the 
lake fauna became apparent. On this occasion I was so struck by the association of 
marine and freshwater forms that I sent to Calcutta for Mr. Kemp to join me at 
Barkul and we drew up together a scheme for a comprehensive, zoological survey of 
the lake. 

In due course our plan was laid before the Trustees of the Indian Museum, who 
accepted it in a most generous spirit and put aside ample funds for it< realization. 
With their approval we hired the only steam-launch on the lake, obtained the 
necessary apparatus by purchase from Europe or from local sources and arranged to 
spend, together or severally, a considerable part of the year 1014 on the lake or it< 
shores. 

I take this opportunity to state that all the physical observations whereby the 
positions of our collecting-stations were established and the varying salinity of tlu 
water ascertained were made by Mr. Kemp, whose practical experience of marine 
investigations is more extensive than my own. 

So far as the preparation of this volume is concerned, we have worked in the 
strictest collaboration, and even those reports that arc issued in the name of one of 
us have had the benefit of revision at the hands of the other. Our acknowledgment 
of the assistance we have received is expressed in a general manner in the Introduc¬ 
tion that follows ; in the case of reports on the groups that we have not ventured to 
discuss ourselves from a taxonomic point of view, the papers them>cl\cN will piovidc 
the best proof of our indebtedness. 


CALCUTTA: 
May 14th, 1915. 


N ANNANDA1.IL 
Superintendent {•/ iht ItiJi.i ** 
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FAUNA OF THE OHILKA LAKE 

INTRODUCTION. 

By N. Annandale and Stanley Kemp. 


Its divisions. 


Geography of the Lake. 

The Chilka Lake is a lagoon situated on the east coast of Peninsular India and con- 

Iti position and character. neCted WitH the Bay of Ben S al - Its area is about 350 sq. 

miles; its depth rarely exceeds two fathoms; its water 

undergoes great changes of salinity in the course of the year and at any one season 
differs greatly in this respect at different places. The precise geographical situation 
of the lake is between latitudes 19*28' and 19*54' N. and longitudes 85*6* and 
85 ° 35 / ; the greater part of it lies in the Puri District of the Province of Bihar and 

Orissa, while one corner extends into the Ganjam District of the Madras Presidency. 

A glance at the map (plate II) will show that the lake consists of two parts. 

(») an outer channel opening to the sea and («) what 
may conveniently be called the main area. 

The outer channel is peculiar in that its course is not direct from the sea to the 
lagoon, but runs parallel to both for some miles. Its total length is about twelve miles 
and the breadth of the outer part nowhere more than one and a quarter. The actual 
mouth of this channel changes from time to time both in positiou and in breadth; 
in 1914 it was situated opposite the village of Arakhuda and was not more than 
300 yards broad. Near the opening the channel turns abruptly at right angles to its 
former course and communicates with the sea by a narrow passage several hundred 
yards in length and apparently of no great depth. There are records that on several 
occasions the mouth has been completely blocked up by sand carried along the coast 
by. northerly currents, especially in the south-west monsoon. 1 It has then been opened' 
artificially by digging to prevent flooding of the surrounding country. 

From the inner opening of the sea-passage the channel runs almost directly 
south-west. On one side it is separated from the sea by a uarrow saud-spit and on 
the other from the main area of the lake by a series of comparatively broad penin¬ 
sulas and islands. On reaching the apex of the Satpara peninsula the channel divides 
into two branches, one of which continues in the original course until it becomes 
gradually merged in a network of swamps and narrow water-ways. The broader 
branch, however, turns at a right angle and, continuing round Satpara peninsula, 


1 The origin and ditection of the local currents on this coast are still very imperfectly known, and 
It is probable that more than one factor plays a part in the phenomenon to which we refer. 



2 Memoirs of the Indian Museum. [Voi,. V, 

finally reaches the main area at the point called Mugger-Mukh 1 (Shark mouth). 
In the flood-season this is one of two openings into the main area, for there is another 
south-west of the large flat island of Barnikuda which lies in the midst of the inner 
part of the channel; but even the opening at Mugger-Mukh becomes extremely 
shallow in the dry season, while the other disappears altogether. In March there is 
not more than a foot and a half of water on the bar'at the former point. 

The main area of the Chilka Lake is the real lagoon and occupies by far the 
greater part of the lake-system. It is roughly pear-shaped, the longer axis running 
south-west and north-east. Its length is about forty miles in the height of the dry 
season and its greatest breadth about twelve and a half miles. The broadest point 
is situated toward the north-east extremity. 

The shores of the Chilka Lake have considerable variety of character. Smooth 

OJ green lawns, diversified by clumps of trees, slope down 

Snores, streams and Islands. . .. 

to the water s edge: rocky headlands rise as pyramids, 

seemingly composed of loose boulders piled one on another with bamboos and other 

vegetation springing up in the interstices; islands, some bare and rocky, others like 

the headlands, others again low and sandy, rise from the surface of the water; naked 

sand-hills contrast with the dark green foliage in which fishing villages lie hidden. 

On a near approach the green lawns are not attractive, for in dry weather their 
margins are edged with decaying weed and in the rainy season lie deep in evil¬ 
smelling mud: the headlands and islands are difficult of access at all times of the 
year. Our present business, however, is not to discuss the beauties or the discom-f 
forts of the Chilka Lake but to describe the features of its shores that have a bearing, 
direct or indirect, on the nature and distribution of its fauna. 

At the northern end of the main area the silt brought down by several branches 
of the Mahanaddi system, of which the most important is the Dayanaddi, has 
formed a margin so ill-defined that, when the floods are high and the water in con¬ 
sequence fresh, there is no perceptible boundary between rice-fields and lake; the 
former terminate only at the point at which the water becomes too deep for rice to 
grow. As the water-level -sinks in late autumn wide stretches of muddy foreshore 
are left bare. 

Along the outer side of this area, as the distance from the mouth of the streams 
increases, a large quantity of sea-sand is mixed with the mud, and even where the 
proportion of alluvium present is very small, the periodic decay of vegetation and 
the fine silt usually held in suspension in* the water but deposited when a dead calm 
prevails, produce a thinner or thicker layer of mud above the sand. Along the* 
whole of tlqg shore the extent of mud or sand left bare when the water sinks is con¬ 
siderable and the depth of the lake at and near the margin extremely small, to be 
measured in inches rather than feet. 


1 In several Indian dialects the word "mugger” (more correctly magar) means crocodile.; but 
the Uriya fishermen of the Chilka Lake use it to signify either a crocodile, a porpoise or a shark. The 
last is sometimes distinguished as tnagar-mach and the porpoise {Orctlhi breviroslris) as sUs-magar. 
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The inner side of the main area has a far more varied character. For some 
miles north-east of Barkul, almost to the point at which the delta of the branches of 
the Mahanaddi may be said to commence, the shore consists of a series of little bays 
separated by headlands of the kind described above Most of these headlands are 
spurs running out from a range of rocky hills that lies almost parallel to and at no 
great distance from this shore; others are isolated fragments of the same formation. 
Between the promontories the edge of the lake is flat and resembles that of the 
outer shore of the same area, except that the proportion of mud to sand is greater 
at most points and the slope a little less gentle; single rocks and groups of stones, 
most of which are left entirely bare in winter, occur sparingly; the grass that covers 
the shore is short and coarse. 

South-west of Barkul point, which forms a lower and less pyramidal promontory 
than those that lie to the north-east, there are several wider bays in which the 
margin is of a similar kind, but without the headlands 

The south (strictly south-west) end of the lake is occupied by two long and 
rather narrow bays separated by a mass of rocky hills, the highest of which, a 
regular pyramid named Ganta Sila, rises almost straight from the water to a height 
of over 500 feet and is one of the most conspicuous land-marks over the greater part 
of the whole area. Round its base single rocks of considerable size form what may 
almost be called small cliffs; when the lake is flooded or moderately full the water 
round them is several feet deep, but iu spring and early sumrfcer a narrow muddy 
foreshore is left bare in front of them. The shores of the two bays resemble those 
adjacent to them. 

Near the south-western corner of the outer bay lies the mouth of a small canal 
that formerly ran to the town of Ganjam, which is connected by another canal with 
the Bay of Bengal. The Chilka-Ganjam canal is now, however, completely blocked 
Up and the locks with which it was provided must always have rendered any direct 
communication between the lacustrine fauna and that of the sea practically im¬ 
possible. 

The inner shore of the outer channel, except in the immediate neighbourhood of 
the sea-opening, resembles the outer shore*of the lagoon. The bar that separates the 
channel from the Bay of Bengal is, however, composed almost entirely of clean 
sea-sand sloping down into the water, and it is only at the point at which the 
diannel turns landwards, and in particular opposite Barhampur Id., that the margin 
becomes muddy or swampy. 

The only streams of any size that find their way into the lake are the brandies 
of the Mahanaddi that enter the north-eastern part of the main area, for the hiUs 
that run parallel to the inner shore are practically waterless for the greater part of 
the year and even at the southern end the small water-courses dry up more or less 
completely by the beginning of the hot weather. 

In the main area of the lake there are a number of rocky islands of different 
sizes, none of them really large, that have a certain biological importance in that 
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their bases remain under water throughout the year. In this area there are also a 
few flatter and more sandy islands the margins of which slope gradually, but the 
most remarkable and the largest island in the whole lake is Nalbano, which lies not 
very far within the Mugger-Mukh. Nalbano is a great sand-bank completely covered 
with tall reeds, the roots of which are submerged when the water is high, so that only 
the leaves and inflorescences are visible above the surface. 

The islands of the outer channel, including Barnikuda, are also sand-banks, but 
at most support in the way of vegetation no more than a scanty growth of short grass 
with, in the case of Barnikuda, a few stunted shrubs. 

Generally speaking the bottom of the main area is muddy, while that of the 

outer part of the outer channel is sandy. In the former 
Bottom. uature so uniform, notwithstanding the admixture 

of a certain amount of sand at some places, that the small actual differences have as 
a rule little effect on the fauna, and it is only in the neighbourhood of Nalbano and 
on the shores of some of the other islands that true arenicolous species occur in this 
area. The mud forms two quite distinct layers, one of which remains practically 
undisturbed except in very rough weather, while the other is usually held suspended 
in the water and only deposited, in very sheltered places or at times of unusual calm. 
This floating layer is of course very finely divided and habitually stains the water a 
dirty clay-colour. Its occasional deposition is an unfavourable factor in the life of 
many sessile organisms. The permanent layer is gray and of a clayey consistency, 
but not so tenacious or so heavy as that of creeks and canals in the Gangetic delta. 
It is mixed with a considerable amount of decayed vegetable matter, which some¬ 
times stains it black, and often with a large number of small dead shells of genera 
such as Clementia , Theora, Nassa, Stenothyra, etc. These apparently do not remain 
long intact; but at certain points, notably in the neighbourhood of Gopkudald., 
there are fairly large deposits of dead P/#cw»a-shells, which are evidently more 
permanent, while at the edge of Rambha Bay masses of crude limd are dug from the 
mud when the water sinks and with them occur large numbers.of dead shells of Area 
and Meretrix. These deposits of calcareous matter do not, however, seem to have 
any direct effect on the fauna found amongst them. 

In the inner part of the outer channel there is a great mixture of mud and sand, 
some of the latter being black and extremely heavy. Mr. G. H. Tipper of the 
Geological Survey of India informs us that this is due to the presence of monazite in 
small quantities. 

In the part of the outer channel that runs parallel to the Bay of Bengal, the 
bottom is composed of almost pure yellow sand similar to that which forms the 
beach along the greater part of the eastern shore of Peninsular India. The only 
natural solid bodies found in this part of the lake are the large masses of dead and 
living oyster-shells that lie in beds round the small islands opposite the village of 
Manikpatna. The faunistic importance of the absence of solid bodies is illustrated 
by the fact that on a small post set up to mark the channel near Satpara we found 
several species not obtained anywhere else in the lake. 
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The main area of the Chilka hake is exceedingly shallow. In the dry season, 

when the water-level is at its lowest, the depth rarely 
exceeds 8 ft. at the southern end; while over an immense 
area towards the northern extremity it nowhere reaches 4 ft. The deepest sounding 
we obtained at this season was 10 ft., at a point close to the eastern end of Kalidai 
Id., whence a comparatively deep trough extends towards the shores of Parikudh. 
At many places we found it impossible to approach within a mile of the shore even 
in a small row-boat. 

We have already referred to the shallowness of the water at Mugger-Mukh and to 
the depth of the outer channel at this season. The deepest water is said to be 
situated off Arakhuda and our boatmen talked of five fathoms; but the deepest 
soundings we ourselves obtained did not exceed 20 ft. 

In the flood-season all depths are increased by 5 or 6 ft., the exact amount 
probably varying from year to year. 

It is evident that the differences in depth, relatively great though they may be, 
are actually insufficient to produce any appreciable effect on the fauna of different 
parts of the lake, except in so far as they imply a great rise of temperature in 
extremely shallow water. 

The origin of the Chilka Lake was thus explained by the late Dr. W T. Blanford 
Origin of the lake. in his “Sketch of the Geology of Orissa ” 1 * :— 

“ The lake itself is a part of the sea first rendered shallow by deposits from the mouths of the 
Mahanaddi and from silt carried up the bay round the hills near Ganjatn by the violent southerly winds 
of the monsoon, and then entirely cut off by a spit, formed, by the same agency, of sand drifted along 
the coast. Near the south-western extremity of this spit there is a considerable deposit of estuarine 
shells, at a height of 20 to 30 feet above the present flood level of the Chilka.” 

For our special purpose it is unnecessary to elaborate this concise statement, 
with which we are in general agreement. 1 We may . point out, however, that even 
stronger evidence for the belief that the lake was once an open bay than that 
adduced in the passage quoted, is to be found in the occurrence on the rocks at 
the base Ganta Sila of the remains of solitary corals, organisms that flourish only 
in a pure sea-water. The beds of dead Placuna -shells to which we have already 
alluded provide evidence less strong, for Placuna flourishes in the Tampalakaman 
(Tamblegam) Lake 3 on the coast of Ceylon, in which conditions are not very 
dissimilar to those of the Chilka Lake. 


Hydrography op the Lake. 

Of the varied elements that compose the physical environment of the fauna of 
the lake by far the most noteworthy is the great periodic change in salinity to which 

1 Rec. Geol. Surv. India, V, p. 56 (1872). 

4 Hunter, in his “Orissa" (p. 25; 1872) cites a legend which implies that the bed of the lake 

was dry land as late as the 4 th century a.d. . „ 

3 Horn ell, “ Report on the Placuna Placeuta Pearl Fishery of Lake iatnpalakamain : Rep. 
Ceylon Marine Biol. Lab., I, p. 4 1 ( I 9 0 ^)' 
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its waters are subject. This factor undoubtedly exercises a continual selective 
influence on the animals of the lake and it is to it, in the main, that the special 
interest of the fauna is due. 

The methods which we adopted in determining the salinity of the water are 
explained on p. 17. 

As is pointed out below (p. 18) our investigations were, made chiefly at two 
periods, in each of which we attempted, so far as was possible, to visit all parts of 
the lake. Observations were, of course, made at other seasons and we have in fact, 
in 1914 and in previous years, paid visits to the lake in practically every month; on 
these occasions, however, our investigations were of a more or less restricted nature, 
concerning only a portion of the area to be investigated. 

The more comprehensive surveys effected in the two periods mentioned above 
were made respectively in the salt- and the freshwater seasons. In the first, in which 
our observations extended from February 12 th to March 18th, the entire lake was 
filled with water of varying but comparatively high density, while in the second, 
from September 1st to September 23rd, the water throughout a great part of the 
system was quite fresh, owing to the floods which enter the lake at the close of the 
monsoon. 

The charts on p 9 showing the corrected specific gravity of the water will give a 
good idea of the enormous variation in density at these two periods. It is of course 
improbable that they represent the maximum and minimun with any exactitude. 
Somewhat higher specific gravities are doubtless to be found in early summer, that 
is to say in the period immediately preceding the monsoon, and subsidiary investiga¬ 
tions made in July tend to prove that this is the case. It is also possible that the 
general density indicated in fig. 2 is capable of further reduction in exceptionally 
high floods so far as the southern end of the lake is concerned. 

In giving an account of the general configuration of the lake-system, we noticed 
that it could be divided into two parts, the main area, which comprises the bulk 
of its waters, and the outer channel that forms the communication with the sea. 
This division is not founded entirely on geographical considerations; there are also 
very marked differences in the range of density of the.water in the two regions and 
therefore notable faunistic distinctions.' The division is consequently based on both 
physical and biological features of considerable importance. 

In March we found that the specific gravity of the sea, taken at a point some 
, . , miles below the mouth (and therefore, owing to the 

strong north-easterly currents that prevail along the 
coast, uncontaminated by any discharge from the lake) was 1*0270. An additional 
observation made a few days later just inside the mouth gave a reading of 1*02825. 
At this period there was no appreciable outflow from the lake and the water in the 
channel over an area extending from Barnikuda Id. to Arakhuda yielded specific 


The prevalence of a sandy bottom over a large part of the outer channel must also of course be 
taken into account iu considering the faunistic differences. 



1915] 


Fauna of the Chilka Lake .* Introduction. 7 

gravities varying from 1*02625 to 1 *02650. 1 It is clear that in this region, during 
March, the water was for all practical purposes as salt as the sea. 

In September the conditions were markedly different. The level of the water 
was some five feet higher than in March and many of the low-lying islands in the 
channel were almost or entirely submerged, a strong current was flowing out of the lake 
and the water throughout the length of the channel was entirely fresh up to the point 
where it entered the sea. Ebb and flow at this period made no alteration in salinity 
and the maximum effect even of a high spring tide could only have been a slight 
banking of the water at the mouth. The specific gravity of the sea a little to the 
south of the entrance to the lake was at this period 1 01675, a reading considerably 
lower than those obtained in March of the same year. 

By December the freshwater floods had in a large measure subsided and samples 
taken in the early part of this month at Satpara and near Manikpatna gave readings 
respectively of 1 00325 and 1*01250. At this time a small outflow from the lake 
probably still persisted, salt water entering the channel only at high tide or under 
specially favourable conditions of wind. 

In the outer channel, then, the range of salinity is the greatest possible, and 
animals that live permanently in this region are able to exist for some eight months 
in water almost or quite as salt as the neighbouring sea (sp. gr. 1*0270) and for at 
least three months in water that is entirely fresh. 

The change from salt to fresh water that takes place annually towards the close 
of the monsoon season is probably effected gradually. The discharge from the rivers 
at the northern end of the lake must in the first place drive before it the saline water 
with which the main area was previously filled, and there can be no doubt that the 
first slow currents that pass down the outer channel have a comparatively high 
salinity, which slowly decreases with the augmenting volume of the flood. The 
change from fresh to salt water, on the other hand, probably takes place more 
suddenly. After the floods have subsided and the head of water in the lake has 
disappeared, there must, under suitable conditions of tide and perhaps also of wind, 
come a time when a volume of salt water enters the sea-mouth and it is possible that 
far-reaching alterations take place in the channel in the course of a single day. 

Both periods of change must have marked effects on the fauna of the outer 
channel and on each occasion there is probably a high mortality ; freshwater forms 
must be largely exterminated on the entrance of salt water, while many marine 
species that have established themselves during the salt-water period must succumb 
in the flood season. We have direct evidence that this occurs. 

Though less extensive than is the case with the outer channel, the changes of 

density to which the waters of the main area are subject 

Salinity of the main area. , , ,, 

are nevertheless great; the specific gravity varying, 
according to our observations, from i*ooo to 1*0150. 

1 A sample taken in a swamp south-east of the northern extremity of Barharapur Id. and separated 
by a bar from the main channel gave a reading 102376. The water in this place was probably mixed 
with a certain amount of surface drainage from land in the vicinity. 
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lies or two feel in depth. The specific gravities >n little more than a 
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not onlv altogether subsided, hut a considerable quantity of salt-water had entered 
from the bay of beugal. The most noteworthy feature of the specific gravities in 
this large region was that the denser water was accumulated at the south end. 
The highest readings were obtained at the southern extremity of Rainbha Bay and 
from this point to Nalbano the specific gravities regularly decreased. North of 
Xalbano. water of greater density was again met with, while the lowest readings 
were obtained along the north-western shore in the \iciuit\ of I atsuhanipur. At 
this period the specific gravities we obtained ranged from roof*75 to I <>1 150. Owing 
to the extreme shallowness of the lake we were uuible, however, to visit a con¬ 
siderable region at the northern end and the comparatively small amount of water 
that enters from the rivers probably produces specific gravities lower than any we 
actually recorded. 

Subsidiary observations made in the middle of April at the southern end of the 
lake seem to indicate that no great change in the conditions had taken place, though 
the position of the isohalines (as indicated by the line- of equal specific gravities) had 
probably altered to a certain extent. Samples taken in Kumbha Bay and off Break¬ 
fast and Chiriva Ids. gave readings identical with those of February ; but off 
Rarkuda the specific gravity was lower (100075) and off Maludaikuda higher 
(100075). By July, however, a notable change bail occurred and there is little 
doubt that during May and June a considerable volume of salt water had entered the 
lake; the specific gravities were higher than any previously observed and the entire 
area southwest of Santa! Id. was filled with water varying from 1*0145 to 10150. 
At Barkul the specific gravity was still much the same as in February, viz., 

1*00750 

The conditions in the main area were very different in September, iqiq. In this 
month, as shown in fig. 2, p. n, the greater part of the area was filled with fresh or 
almost fresh water 

The great volume of silt-laden water brought down into the northern end by 
the branches of the Mahanaddi system had expelled all that of higher salinity—a 
phenomenon already noted with reference to the outer channel. It is evident that, in 
these parts of the lake at any rate, the changes are not clue to admixture so much as 
to the expulsion of one volume hv another. 

I11 September -light traces of a higher specific gravity were met with between 
Nall ano and Patwihanipur, the water varying from fresh to 1 no: . and southwards of 
this line thete was a giadual rise in density uptosp. gi 1-00(15 in Rainbha Bay. The 
bitter reading, the maximum observed in September, is about the same as the mini¬ 
mum recorded in the salt-water -eason It will be noticed that specific gravities of 
pool, and over were onlv met with near the shore in the extreme south and that 
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Text-fig. i. —The specific gravity of the water of the lake in February and March, 1914. 

At this period we were unable to visit the north-east end of the lake owing to the shallowness of the water. The 
specific gravities recorded in the main area varied from 1‘00675 to 1*0115. A sudden change occurred at Mugger-Mukh,l 
the outer channel being filled with water as salt as that of the Bay of Bengal. 



Change 

fresh lo salt water 


1.01675 


Text-fig. 2. —The specific gravity of the water of the lake in September, 1914. 

During this month the water-level was some 6 ft. higher than in February and March; Nalbano 1 and several of the 
islands in the outer channel were submerged. The north-eastern part of the main area was filled with fresh water, as 
was also the outer channel as far as the sea-mouth. In the south-western end of the main area the specific gravities 
ranged from 1*002 lo 1*0065. 


1 See detailed map, Plate II 
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throughout the southern part of the lake the water in the middle was of lower specific 
gravity than that nearer the shores 

A short series of observations made in November imheates that the conditions 
in this month did not differ largely fiom those observed two months earlier, the 
highest specific gravity (t o*><>) being obtained at the south end of Kambha Bay. 
Water of appreciable salinity was. however, not so closely restricted to the southern 
area, for a sample obtained off Kalidai gave a reading of i 00*5 and others off 
Uarktil of l oop The flood-water, had somewhat abated, with the result that the 
level had decreased and the saline water, confined during September at the extreme 
south, had spread further north 

It is noteworthy that the rocks on the inner shore of the main area appear to 
indicate that the water sinks mainly in a series of sudden falls, for, as will be seen 
from the upper photograph on I’late I. the stone is marked in the dry season with 
three or four horizontal bands of a superficial nature flic distinct demarcation of 
these bands is apparently due to the fact that the upper limit of each has indicated 
the highest water-line for some considerable period, and after a high south-westerly 
wind we noticed irt one case that a band actually represented arr area of half-dried 
alga just left bare by a sudden reduction of level 

An attempt to discuss irt detail the various other agencies that affect the 

s.ibtritv of the lake would Ik- bevottd the scope of our 
Effect of winds, tides, etc , , 

present etujuiry and would certainly demand an ex¬ 
perience of hydrography and meteorology which neither of »s possesses. It has been 
our object to obtain, so far as was practicable within the limits of a single year, a 
general idea of the alterations in salinity to which the fauna of the lake is subject and 
of the more important causes to which tins.- c hanges are due 

It is evident that the changes are to a large extent correlated with differences in 
water-level and that the monsoon floods arc- by far tire most potent of the agencies 
at work < Mirer causes must, none the ’ess. have a marked effect Although the 
rivers at the north bring with them by far the greater part of the fresh water that 
enters the system, the streams which ocean ttt the monsoon at other points but 
are for the most part dry during the remainder <«f lire year, must also have some 
influence on the conditions and during pet tods of heavy rain surface drainage even 
liom the small watersheds at the southern end must be considerable 


1 ufotInnately tr *» precise data are available as to the- amount of rain that 
tails actually on the- lake . in otn experience it was decidedly less (in lol-f) than that 
which fell on the suriounding count tv Storms coming up from the south often 
either followed the lull ranges to the not ih-west ol the lake, or else split iu two Irefore 
thc-\ reached it, one part skirting these hills while- the- other keeps to seaward, follow¬ 
ing tile line ot s,md-hills along the coast 

An important factor m local changes m x.ilimtv is the direction of the wind. 


t >wing probably to the 1 <»p<igraphc <•( 
arc- to sonic- C-Xtrllt diverted and 1 he | 
the year is -amth-wc-teih l-i..m 


tie- sin 1 oiinding count 1 v the monsoon currents 
>iev.dent wind throughout the greater part of 
this cpiartei it often blows with considerable 
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force and for protracted periods. We are informed that on occasions, when its 
violence is extreme, the greater part of Rambha Bay is entirely emptied of water 
and in February, 1914, the effect of even a moderate breeze was brought home to 
us by a sudden lowering of the water-level so great that the ‘ ‘ Lady of Chilka ’ ’ 
grounded at her moorings. Sudden changes of the kind must result in the water being 
banked up towards the northern end and must produce a considerable admixture of 
volumes hitherto distinct. Observations made at Barkuda Id. in February, before 
and after several days' strong breeze, showed a definite rise in density, the salter 
water having doubtless been brought from the southern end by the wind. 

Tides have of course no effect during the flood season, as at this period the -outer 
channel is filled with fresh water to a level some feet above that of the sea. Even 
when the lake was at its lowest we were unable to observe any regular ebb and flow 
in the main area. The influence of wind, indeed, seemed to us sufficient to account 
for any diurnal changes in level that were actually noted. Any effects that the tides 
may have had were doubtless masked by this agency, while we made no attempt to 
investigate less obvious movements. 

In the outer channel tide had of course a slight effect at this season; but the rise 
and fall, owing to the narrowness of the sea-mouth, was probably much smaller 
than in the Bay of Bengal immediately outside. It is clear, nevertheless, that the 
tides, assisted probably by changes in the wind, must have a much greater effect on 
the isohalines than is indicated by diurnal changes in water-level, for to this agency 
in a large measure must be assigned the influx of salt water at the time when the 
autumn floods have subsided. 

In a lagoon of the size and shallowness of the Chilka Lake evaporation must, 
especially in a tropical climate, be more than considerable and doubtless plays a 
great part in the phenomena we have been discussing. We have no means of estima¬ 
ting the exact influence of this factor, but it is not unreasonable to suppose that 
beyond compensating for the comparatively small amount of fresh water that comes 
from the Mahanaddi system in the dry season, it also plays an important part in 
inducing an inflow from the sea. 

The great changes in the salinity of the Chilka Lake are due, as has already been 

explained, to the floods of fresh water which enter it 

Summary statement of annual eac j 1 y ear a t the northern end from several branches of 

changes in salinity. . , . c 

the Mahanaddi system; the annual sequence of events, 

as it concerns the lake as a whole, may be stated briefly as follows: — 

The floods that enter the lake at the close of the monsoon from the Mahanaddi 
delta expel all salt water from the northern portion, driving it through the outer 
channel to the sea, and are of sufficient volume to raise the level of the lake some 
5 or 6 ft. above the mean of the dry season. There being no outlet at the southern 
end, the comparatively saline water which had accumulated there is banked up by 
the flood, becoming, however-, diluted to a considerable extent both by admixture 
with water from the north and by surface drainage from the land in the vicinity. 
Towards the end of the year the floods subside. The first effect of the alteration 
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in level i- that the water of low salinity, hitherto eonln.cl at the southern end, 
leads furUter north. In course of time the eve sinks to a nun,mum and subse- 
ouentlv under suitable conditions of wind and tide, volumes of sail water enter 
? rom the sea and entirely fill the outer channel This tn 1914 had already taken 
nlace before the month of February Under normal conditions the waters of the 
main area probably rise in salinity. <>win K to successive inflows from the If ay o( 
Bengal, until a maximum is reached in July By August the monsoon floods have 
commenced, the water-level rises rapidly and a repetition of the annual cycle 

begins. . , 

The important subject of saliuities may therefore be summarized as follows — 

(i) In the dry season the water of the outer channel is practically as salt as 
that of the Bay of Bengal, while that of the maiu area is distinctly 


brackish. 

(2) At the end of the wet season the water of the whole of the outer channel 
and of a great part of the main area is fresh, while that of the south¬ 
western part of the latter is but slightly saline 

( 5; At all times of year the change from water of low to that of comparatively 
high salinity take places abruptly in a very limited avea, so that the 
isohalines are closely crowded together. 

14) In the dry season this area of abrupt change is situated at the junction of 
the outer channel with the main area, but by the end of the wet season 
it has shifted to the sea*mouth. 


Variations in the temperature of the water of the lake have piol»ablv. except 

in extreme cases, but little influence on the distribu- 
Temperatures. tion of the fauna. According to our obsei vat ions, the 

surface temperature ranges from 25" to t5°C. and is probably highei t*» a marked 
extent than that of the Bay of Bengal The cooler water is naturalh found in the 
more central parts, while nearer the shores, and especially ill the vicinity of rocky 
headlands, the temperature is noticeably higher Kven comparatively short jktukIs 
of hot weather must obviously have a marked effect 111 raising the surface temperature 
and the maximum must be reached 111 very shallow water or in small more or 
less isolated pools at the margin In one such s|»ot we obtained, in Match, a reading 
°f 4 J°^- . this temperature must In- inimical to many forms of life and as a 
matter of observation few living animals are to be found ill situations of the kind. 
Seasonal variation in temperature is certainly not very great : but cm data are not 
sufficient h extensive* In permit of .1 mote precise statement 


Vl-lOKTATJiiN 


In most parts of 
bays in the main area 


the lake tin* aquatic vegetation is scanty, but in .» 
a species of J > <>t t un"i‘tf<>n ' with slender, grass*lik«- 


lew sheltered 
leaves grows 
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luxuriantly, forming dense thickets that extend upward from the bottom to the 
surface for a height of at least four feet. This plant dies down in the rainy season 
and masses of dead and dying weed then break loose, float on the water and are 
thrown up on the shore or entangled amongst rocks at the edge. The new growth 
makes its appearance in autumn and is well advanced by the middle of November, 
when the plant is in flower on the surface. Its maximum luxuriance is not, however, 
reached until February or March, after the flowering season is practically over. 

A plant more widely distributed in both parts of the lake, but much less con¬ 
spicuous and luxuriant, is Halophila ovata, a species that creeps along the bottom 
sending up stems of four to six inches high at short intervals. These bear relatively 
large ovate leaves which form a favourite basis for a few simply organized sessile 
animals. Halophila, which is practically confined to a muddy bottom, is found all 
over the main area and in the inner part of the outer channel, in patches that often 
reach a considerable size. Small masses of this plant are constantly being detached, 
probably by diving ducks and other water-birds, and float from place to place. The 
plant is found in an active condition at all times of the year. 

Several other aquatic Phanerogams occur in the lake, but are not of sufficient 
abundance to have any faunistic jnterest. 

Among semi-aquatic flowering plants by far the most conspicuous is the reed 
( Phragmites ) that covers Nalbano and grows among the rocks on many of the promon¬ 
tories. It reaches a height of at least 10 feet. Several other smaller grasses and at 
least one species of rush also grow in the shallows of the main area, but not in 
sufficient quantities to attract a special fauna. 

The higher algae are absent from the lake and those of the less specialized groups 
that occur are not as a rule of any great zoological interest. Several unicellular 
forms are found, however, in considerable quantities in the plancton at some seasons, 
notably species of Dinoflagellata, while a certain number of diatoms live on the 
bottom or elsewhere. Submerged rocks and stones are usually coated with simple 
and branched filamentous algae of a bright green or a brown colour, but the growth 
is never very luxuriant. A slimy dark green species with an offensive odour some¬ 
times covers small patches of the bottom in the main area and is fairly common along 
the shore of the Satpara peninsula. Its presence seems to be peculiarly inimical 
to animal life. As the water sinks after the rains, this alga, in drying, forms a thin 
felt-like substance and is gathered by the villagers at Satpara and used by them 
instead of paper for wrapping up parcels. 

From a zoological point of view the most important feature of the vegetation 
on the shores of the lake is the total absence of mangrove swamps. Except where 
the beach is sandy, as along the outer parts of the outer channel, or stony, as 
around many of the islands and promontories of the main area, cultivated fields or 
grazing grounds extend down to the water’s edge, if the former do not actually 
encroach upon the water. There are, therefore, comparatively few trees close to the 
margin; firewood is also scarce and trunks and branches are not allowed to go to 
waste or to float away. This fact is of faunistic importance in reference to the 
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general scarcity of solid bodies to which attention has already Iwen called with 
respect to the outer channel The hedges of screw pines by which the fields arc- 
protected from trespassing cattle aie. however, when the water is high, sometimes 
partially submerged ; thev then afford shelter to mun\ Jtcc.ipod Crustacea, while 
broken fragments stranded oil the shore give lodgment to amphibious insects and 
Crustacea. a< well as to several terrestrial vertebrates that feed on these animals 


(tKNKR.M. Character or tiik Fai na 

When all the reports contributed bv specialists to this volume have been 
completed we pro|>ose to discuss the fauna of the Chilka I#ake in considerable detail 
It will Ik* well, however, to preface these rejrorts by a brief statement is to the 
general nature of the fauna with which they will deal To do so it will lie convenient 
to consider the animals first under the following headings: — 

(1) Mud fauna ( 4 ) Weed fauna 

(2) Sand fauna. ( 5 ) Free swimming organisms 

[ \) Rock fauna. ( 6 ) Plancton and surface fauna generally 


i. The organisms that live in mild or crawl on its surface form what is |K*rhaps 
from a zoological point of view the most conspicuous elemeut in the fauna of the 
lake Considering the great proportion of the bottom that is covered with mud this 
fact is not surprising. Among the mud-dwellers are included several cocleiiterates, 
several jmlvchaete worms, a large pro|>ortion of the molluscs, several Deca|><»d and 
other Crustacea, a few small Teleostcan fish and several comparatively large rays In 
nearly every case the number of sp.-cics present in any one group is extremely 
small, indeed it is probable that in many cases even families are each represented by 
a single form The number of individuals on the other hand is as n rule very 
large. In this section of the fauna we find many noteworthy adaptations for burrow¬ 
ing and for protecting the gills or other breathing apparatus from being clogged with 
particles of silt 


2 . The arcnicnlnus animals of the lake arc mainly confined to the outer part 
of the outer channel and have as a rule a less specialized character than the mud- 
dwellers Among them are to Ik* found at least one species of spougc. two sjxvies of 
oligochaete worms, several polychactcs, and the majority of the Decapod t rustacci 
and molluscs This ch-im-nt is not entirely confined to the outer channel, for several 
of its representatives are found on the shores of Xalhnno Id. and a few even so far 


inland as Harkuda Id near the mouth of Raitibha Hay 

»• roek fauna is much nroje restricted as to number of s|>ecies and genera 

than might at first sight seem probable The sponges are represented by two abun¬ 
dant forms, tin- eoelentvrates bv a single hydroid. the crust icea and worms bv a few 
small species that crawl among sjumges and algae or hide under stones; the molluscs 
by ° ne or tWo I.aiiiellibranclis and one of two Dastrnpods The poverty 

«>f this element is due very largely to two f u ts, liistlv that most of the rocks art- 
only covered by watei foi a small part «,f the year. and s<-< ondlv that auv animal 
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^cahrfweaTher & ^ SUrfaCe is liable to be smothered by the deposition of fine silt 


4 - The majority of the animals that can be classed under the heading of weed 
auna are associated either with Potamogeton or with Halophila. Young fish of many 

species take shelter amongst the dense thickets of the former plant, to which the 
msec s o the lake are, at any rate in the salt-water season, almost entirely con¬ 
fined Several species of Decapod Crustacea and at least one very abundant Lamelli 
branch mollusc are also characteristic of these thickets. The comparatively large 
eaves of Halophila act as a base for several small sponges, coelenterates and polyzoa. 
n the whole the scantiness of the fauna associated with weeds is a little surprising. 

5 - Under the heading of free-swimming organisms we must include the 
majority of the fish, as well as a few medusae and at least one Ctenophore, also 
several Decapod Crustacea and at least three species of Mysidacea. As a rule the 
animals falling under it are perhaps the least interesting with which we have to deal, 
and it has been impossible, except in a very few instances, to add materially to our 
knowledge of their biology or distribution. 

6 . We are hardly in a position as yet to say much about the plancton beyond 
stating that in the main area of the lake it is never abundant and almost disappears 
for a time in the earlier part of the rainy season, while in the outer channel it 
becomes, in the salt-water season, both more abundant and more varied than it ever 
is inside Mugger-Mukh-. One point may be noted, however, viz. , that in most of our 
samples from the main area Copepods and larval molluscs greatly predominate. 

We have not included among the headings tabulated above that of ‘ amphibious 
fauna,’ as perhaps we might have done. There are of course a certain number of Crus¬ 
tacea, insects and other animals that would naturally fall into this category; but 
the amphibious fauna fades so gradually into the terrestrial one, with which we do not 
propose to deal, that it has seemed best to consider separately the status of each spe¬ 
cies that lives only partially in water. 

Regarded as a whole, the fauna, of the lake may be described as mainly of marine 
origin. A few freshwater forms have, however, established themselves, while there 
is also a marked faunistic element that appears to have originated actually in 
estuaries or backwaters subject to great changes of salinity and temperature. This 
element is also well represented in the Gangetic delta and in lagoons on both coasts 
of Peninsular India. A fourth element consists of species that immigrate at appro¬ 
priate seasons either from the sea or from neighbouring streams, ponds and rice- 
fields, while a fifth—of little importance—is composed of mere casual visitors that 
drift, swim or crawl into the lake and exist there for a period without establishing 
their species among its permanent inhabitants. 

The abundance of individuals and poverty of species noticed under the heading 
of mud fauna is to a very large extent characteristic gf the fauna generally and in 
particular of that of the main area. 

Perhaps the most striking feature of the biology of the permanent residents in 
the lake is the extraordinary power of individual adaptability to physical changes 
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in environment that most of them possess. It seems strange to find a Rhizostomous 
medusa of an Oxvstome crab living in lacustrine conditions, but it is even more 
remarkable that individuals of such forms are able to flourish at one season in fresh 
and at another in salt water. 


Aims of the Zoological Survey of the Lake. 

The origin of our zoological survey of the Chilka Lake has been explained in the 
note prefixed to this volume ; the main object we have had before us in its execution 
has been to lay a foundation for the study of the fauna of brackish water and of 
water of variable salinity on the coast of India on the same lines as our predecessors 
in the Indian Museum have done for that of the abyssal fauna of Indian seas. For 
this object it has seemed necessary in the first place to make our collections as 
comprehensive as possible, noting the circumstances of each capture and deducing 
from our notes facts as to the biology of the commoner species It has not been 
possible, and perhaps it has been hardly desirable, to make any attempt at a detailed 
biological or morphological study of any particular group or species. That can 
come later, and if our researches prove useful to future naturalists who may under¬ 
take investigations of the kind, we feel that our lal>ours will be amply rewarded. 
In a field so little explored we think it is as well not to specialize too soon. 

The methods employed and the apparatus used in the survey may l»e described 
in some little detail. 

Methods and Material. 


Apparatus 


In making our investigations we were fortunate in obtaining from the Kaliikota 

mi the use of a small launch, the ’*I«ady of Chilka”,. 
the only steamship on the lake. From this launch we 
were able to trawl systematically over a considerable part of the main area and, 
in the flood-season, over the whole of the outer channel. In the latter area, in 
the salt-water season, we worked from a row-boat kindly lent us by the Salt 
Department. 

The very soft mud of which the bottom is for the most part composed proved a 
considerable difficulty, and we believe that a really satisfactory instrument for the 
zoological investigation of regions such as the Chilka Lake yet remains to lie devised. 
A net with mesh fine enough to retain small lw»ttom organisms, such as Cuiuacea 
and minute Mollusca, does not permit the mud to escape and in a very short space 
of time becomes filled to bursting point 

For Imttom work we used chiefly two sorts of net. The first of these was a 
miniature beam trawl, six feet in breadth, of a size that could be fished comfortably 
from the stern of the launch At the cod-end the mesh of this net was ) in. (stretched) 
and it therefore jHTinilted the greater part of the mud to escape, except in particular 
places where it was of a lumpy character. To the back of this net. on the outside, 
we attached a shaped bag of mosquito-netting 01 coal so-meshed canvas, placed in 
the path of the swirl caused by the foot-iopc. This net caught numbers of small 
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animals which would otherwise have escaped, and compensated in some measure for the 
large mesh of the main bag: none the less it was frequently drawn up half full of mud. 

The second type of net employed for bottom work was a Q-net, that is to say 
a light frame of f in. iron (shaped in the form of a Q and towed by three bridles) to 
which by means of brass rings a long bag of coarse-meshed canvas was attached. 
This net produced excellent results ; but it was only possible to make very short 
hauls as the bag rapidly filled with mud. 

Mud we dealt-with by means of a series of large rectangular sieves with brass 
meshing, fitted in a frame to keep them above the level of the deck. 

A larger net, an otter-trawl with head-rope 28 ft. in length and 3 in. mesh at the 
cod-end, was also employed occasionally and was successful in obtaining large fish 
that were able to avoid the smaller nets, especially in thickets of Potamogeton near 
the shore. 

The larger free-swimming organisms were obtained by towing- the Q-net in 
midwater and at the surface; but for many of the fish we were dependent on indigen¬ 
ous-methods, which will be described in a special paper in this volume. Plancton 
we collected in silk tow-nets of the ordinary type supplied by the Marine Biological 
Station at Plymouth. Hand-nets were of course employed in shore-collecting, in 
which we found a hammer and chisel an essential part of our outfit. 

As regards determinations of salinities it seemed, unnecessary, in view of the 
enormous seasonal changes, to employ the elaborate titration method advocated by 
the Bureau International pour T Exploration de la Mer, a method designed to demon¬ 
strate extremely slight differences in oceanic and coastal waters. We realized at the 
outset that to obtain a complete or even an approximate knowledge of the varied 
physical conditions that affect the salinity of the lake would be beyond our powers 
and that it was improbable that observations carried out in a single year, however 
complete, would render possible a true account of the actual changes that take place. 
Variations in rainfall, temperature, wind, tide and possibly other factors must all 
produce different effects in different years 

In making our observations on the density of the water we used a hydrometer 
kindly lent us by Capt. R B. Seymour Sewell, Surgeon-Naturalist to the Marine 
Survey of India, and our results are therefore expressed in the form of specific 
gravities. The scale of the instrument, which is calibrated for i5°C., is about 7 cms. 
in length and is graduated rom i*oo to 104 in 40 divisions. Readings were taken to 
the nearest 0’00025. In order to give corrected readings of specific gravities of 
1 0015 and under it was necessary, at the temperature at which we were working, 
that the hydrometer should be scaled below 1 000. This unfortunately was not the 
case and we are in consequence unable to insert the line representing sp. gr. I'ooi in 
the chart reproduced in fig. 2 on p. 9. 

Water-samples were collected in bottles provided with a spring top and rubber 
washer and were, as a rule, tested the day they were taken. The determinations 
quoted are in every case reduced to i5°C. by the use of a correction table This 
table is based on a series of laboratory experiments made with the same instrument 
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in waters of different salinities at temperatures ranging from to 0 to 35°C. We are 
under great obligation to Dr. W. A. K. Christie, Chemist to the Geological Survey of 
India, for advice and practical assistance in this matter. 

The positions of our stations in the lake were determined by the use of a sound¬ 
ing quintant and station-pointer kindly lent us by the Survey of India. 

The specimens on which the reports in this volume are based are at present in 

the Indian Museum, in which all the types of new 
Collections. species described, as well as a complete set of all- 

other forms, will be preserved. The oldest specimens from the Chilka Take that 
we possess are a few shells collected by the late Dr. W T. Blanford and his agents, 
mostly, as is evident from the species represented, in the outer channel. The 
Museum collector obtained a considerable number of fish in the neighbourhood 
of Gopkuda Id. in 1907, while Dr. J Travis Jenkins made collections, also 
mainly of fish, m the outer channel in 1908. One of the present authors paid a 
short visit to Rambha in the following year and obtained there, among other 
material, the types of several new shells described by Mr. H. B. Preston. It Was 
not, however, until August, 1913, that any concerted attempt was made to investi¬ 
gate the bottom-fauna. In that year we used bottom-nets for the first time in the 
lake, mainly in the immediate neighbourhood of Barkul. In October of the same 
year we commenced preliminary work at Satpara and Rambha, and subsidiary trips 
were made in November and' in the following January. Our actual survey com¬ 
menced in February, 1914. Apart from a number of short visits to one or other 
region of the lake, it was conducted, as has already been stated, mainly at two 
periods, representing respectively the middle of the salt-water and that of the 
fresh-water season. In February and March we spent altogether about six weeks on 
the lake, on which we trawled practically every day, while in September a period of 
about three weeks was occupied in the same manner. Our own shorter trips were 
made in April, July, November and the beginning of December, while Dr. B. T- 
Chaudhuri collected fish at Barkul and elsewhere in December of the same year and 
in January, 1915 

We have in our log particulars of 171 collecting stations. In some cases the 
data of two or more stations refer to the same place at different seasons, but many 
specimens were collected, on the subsidiary trips and at other times, in circumstances 
not noted in the log, though recorded on the labels. 

The bulk of the collections is of course very considerable and it will therefore be 
possible for us to distribute to other museums by the only means open to us {ie-, 
that of exchange) a number of sets of duplicates. 


Limitations of the Work. 

Neither the time nor the funds at our disposal were unlimited and even within 
the somewhat narrow boundaries to which the survey was confined, we were obliged 
to observe certain limitations in collecting. Generally speaking we made no special 
effort to capture and preserve representatives of microscopic groups such as the 
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occurred in to R °^ toria ‘ The Stna ^ ler ^ntomostraca were collected merely as they 

! n ; he , maj ° rity ° f ™ 1-val forms, with a few specific 

(e g the fr r • GC 6 ’ certa l n other small and inconspicuous organisms 

(^- the free-living Nematodes) were obtained only in small numbers 

We regret that we were unable to study the ornithology of the lake which is 
remarkably attractive at different seasons to different kinds of water-birds, though 
comparatively few breed there habitually. 

In a few gioups of animals of which we did make fairly comprehensive collec¬ 
tions, it has not been possible in the present state of international affairs to find 
specialists able and willing to investigate the specimens. The most noteworthy of 
these groups are the Nemertea and the aquatic beetles. Of the former at least three 
species are common in the main area of the lake, while both the Dytiscidae and the 
Hydrophilidae are represented by a considerable, but not a large, number of forms. 
We failed to get the two species of Nudibranch molluscs that occur identified, while 
the single Tunicate we obtained (an immature Appendicularian common in the 
outer channel in March) is probably not determinable specifically. 

Among internal parasitic species we preserved a certain number of Helminthes, 
especially Cestoda from the alimentary canal of sting-rays. Mr. T. Southwell has also 
collected specimens of this group in the lake and is preparing a report upon his and our 
collections. The parasitic Nematodes are poorly represented and there is only one 
Acanthocephelon, which was found in the intestine of a Teleoslean fish. The Trema- 
todes are represented by at least three species, a large and common form from the 
body-cavity of a ray and two minute Distomids, one occurring in the canals of a 


Ctenophore and the other in the body-cavity of a Copepod. We do not propose to 
discuss these internal parasites further except in reference to their hosts. 

Of the groups that appear to be actually absent from both the outer channel and 
the main area, the most conspicuous are the Bchinoderms and the Cephalopod z mol¬ 
luscs. Certain other divisions of the latter phylum, e.g., the Pteropoda, seem also to 
be unrepresented in the fauna, as is the case with several groups of coelenterates, 
notably the Cubomedusae and the stony corals. The aquatic insects are naturally 
represented by but a few of those families which possess aquatic larvae. 

Apart from such limitations, there are also others dependent on mechanical diffi¬ 
culties in collecting. Our collections from the main area of the lake, considering the 
multitude of individuals and the paucity of forms, are probably almost complete ; a 
few rare species may have escaped our notice, but it is doubtful whether this is the 
case with the common animals, which are, of course, very much more important from 
a faunistic point of view. If any of the latter are missing it is probably among the 
fish that gaps occur. In the fauna of the outer channel on the other hand there 
are probably many gaps both in the vertebrates and in the invertebrates. All 


1 Rec. Ind. Mus., ined. 

1 Goodrich (Trans. Linn. Soc., Zool. (2) VII, pp. 5, 7, 1896) records specimens of Sepiella inermis 
(van Hasselt) and Loligo indica, Pfeffer, from the “ Chilka Bight ” but they were probably obtained 
outside the mouth of the lake, as they are from the Investigator’ collections. 
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the evidence available points to the fact of there being a large number of species in 
both divisions of the animal kingdom which occasionally enter this part of the lake 
from the sea in the salt-water season, and it would not be unreasonable to expect to 
find in the channel at that season stray individuals of any member of the littoral 
fauna of the adjacent parts of the Bay of Bengal. 

The shallowness of the water on the bar at Mugger-Mukh and in the northern 
part of the main area generally makes it impossible for any but a small boat to enter the 
outer channel or to proceed much north of Nalbano between October and August, and 
consequently we were unable to make use, except in September, of our larger nets 
either in the channel or in the shallows of the northern region. A considerable 
number of the marine species found in the former part of the lake in September but 
not in March probably escaped our notice in spring for this reason, and it is also pro¬ 
bable that our series of fish and possibly of reptiles would have been considerably 
augmented if we had had the use of the launch between Satpara and the mouth of 
the lake at all seasons. The freshwater season (roughly the middle of August to the 
middle of October) is, however, the critical period in the study of those animals that 
are able to withstand great changes in salinity and September is therefore perhaps the 
most interesting month in the year so far as the outer channel is concerned. There 
is, moreover, no reason to postulate any great difference between the faunas of the 
northern and central parts of the main area, except in so far as extreme shallowness 
of water is indirectly destructive of animal life owing to increased temperature. So 
far as the main area is concerned, the only faunistic boundary that we are able to 
distinguish extends from Kalidai Id. towards Parikudh. 

In our own papers we have included notes on and descriptions of species allied 
to those from the Chilka Lake but found in the Gangetic delta or in lagoons on 
the Indian coasts, in cases in which this course seemed desirable. 
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SPONGES. 

By N. Annandaee. 

The sponges of the Chilka Lake, though few in number of species, are of great 
biological interest, not merely because they consist of both freshwater and marine 
forms growing together in an intimate manner, but also because at least one of the 
latter has become modified in accordance with conditions of life more proper to an 
inland lake than to any part of the sea, while the true freshwater sponge Spongilla 
alba has developed peculiarities that are correlated with conditions only to be des¬ 
cribed as marine. The following is a list of the species obtained in the course of our 
survey. All are siliceous sponges belonging to the order Tetraxonida. 


MONAXONELLIDA. 


Fam. Spongieeidae. 

Spongilla alba , Carter. 
Spongilla nana , sp. nov. 
Fam. Ceionidae. 

Cliona vastifica , Hancock. 


Fam. Suberitidae. 

Suberites sericeus, Thiele. 
Laxosuberites aquae-dulcioris , 
Anjiandale. 

Laxosuberites lacustris, sp. nov. 


TETR AXONELLID A. 

Fam. Tetieeidae. 

Tetilla dactyloidea (Carter) var. lingua , nov. 

With the exception of Spongilla nana , these seven sponges are common either 
throughout or in parts of the lake. Spongilla alba , being apparently unable to live 
in water that is distinctly brackish or salt at all seasons of the year, is found only in 
the outer channel and in the northern part of the main area of the lake itself, but 
flourishes in a pool of fresh water on an island in the southern part. Spongilla nana 
was found, on one occasion only, in the northern part of the same area; it is possibly 
no more than a modified form of the other species. The boring sponge Cliona vasti¬ 
fica is abundant in oyster-shells in the outer channel and also occurs in those of Pur¬ 
pura in Rambha Bay and the neighbourhood. Suberites sericeus and Laxosuberites 
aquae-dulcions grow all over the lake, while L. lacustris has been found only in rocky 
localities in the main area, and the Tetilla in sandy parts of the outer channel. 

We know at present, as I have recently pointed out elsewhere, very little about 
the littoral sponges of the Bay of Bengal, and the biological conditions that prevail 


J Rec. Ind. Mus. X, p. 194 (1914)- 
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on the coast north of Palk Straits differ greatly from those occurring in the Gulf of 
Manaar, whence several large collections have been described. It is not surprising, 
therefore, that the Chilka sponges cast little light on the distribution of the Indian 
sponge-fauna as a whole. Of the two Spongillidae one is apparently endemic in the 
lake, while the other has been found in Egypt as well as in different parts of India. 
The species belonging to marine families also are for the most part either endemic or 
of wide distribution. To the latter category belong Cliona vastifica, which is cosmo¬ 
politan, and Suberites sericeus, an Indo-Pacific species originally described from 
Japan and not as yet found in any intermediate locality. Tetilla dactyloideq, of 
which the variety lingua is apparently endemic, is known from the Arabian Sea and 
from the Mergui Archipelago on the east side of the Bay of Bengal. Both species of 
Laxosuberites , so far as their distribution is at present known, are confined to lagoons 
on the east coast of India and it is not improbable that L. lacustris may, have been 
evolved from L. aquae-dulcioris in the Chilka I.ake. 

The main interest of these sponges is, as I have already indicated, of a strictly 
biological nature. Attention may be drawn in the first place to the remarkable varia¬ 
tions exhibited by most of the species and to the fact that these can be definitely 
correlated with differences in environment. It is evident that all the species in the 
list are able to withstand, by one means or another, great changes of salinity'. The* 
peculiar modification of the simple gemmule characteristic of the Suberitidae whereby 
Laxosuberites lacustris has fitted itself .to survive periodical desiccation (p. 50) is a note¬ 
worthy instance of adaptation to environment —a series of phenomena also illustrated 
to a degree hardly less striking by the manner in which the skeleton of Spongilla 
alba is modified to withstand the violence of the waves in exposed positions in the 
lake (p. 28). 

The only sponge not.included in the Chilka fauna with which I am acquainted 
from other Indian lagoons or estuaries is a minute representative of the order 
Myxospongida found in October, 1913 on oyster-shells in the backwater at Ennur a 
few miles north of Madras. It accompanied Laxosuberites aquae-dulcioris , to young 
examples of which it bore so close a resemblance in the field that I failed to distin¬ 
guish the two species. Specimens were therefore preserved without any special care 
and are so shrivelled and distorted that I can only say in reference to them that they 

seem to represent an undescribed genus. I failed to find this sponge again at En¬ 
nur in January, 1915. 

The table on the opposite page shows at a glance the distribution, in the Chilka 

a e and elsewhere, of the different species. The names of those that are apparently 
endemic are marked with a star. 

F " P artlculars as to the biological conditions that prevail in different parts of 
? 1 a Ea e at different seasons reference may be made to the Introduction to 

is vo ume. The specific gravities of water quoted in the paper are not readings 
obtained in the field but have been corrected to a standard temperature of i 5 *C. 
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GEOGRAPHICAL LIST OF SPECIES. 


m.a. — main area: o.ch. = outer channel: sp. gr. = specific gravity of water. 



Chilka Lake. 

1 



-- 


Further distribution. 

sp. gr. 


m.a. t 

1 

o.ch. 



monaxonellida. 





SPONGILLIDAE . 

1 




Spongilla alba 

X 

X 

India; Egypt (fresh and brack- 





ish water) 

1 000—1*0065 

Spongilla nana* 

X 



ca. i* 006 

CLIONIDAE. 





Cliona vastifica 

X 

X 

Cosmopolitan ( marine) 

i-ooo—1-0265 

SUBERITIDAE. 





Suberites sericeus 

X 

X 

Japan (marine) 

1 000—1*0145 

Laxosuberites aquae-dulcioris 

X 

X 

Madras (brackish water) 

i*ooo—1*0265 

Laxosuberites lacustris* 

X 



i*ooo—1*0150 

tetraxonellida. 





TETILLIDAE. 





Tetilla dactyloidea var. lingua* 


X 

Typical form in Arabian Sea 





and off Mergui (marine) 

/ 

1*000 


Suborder SlGMATOMONAXONEFFIDA. 

Family SPONGILLIDAE. 

Genus SPONGILLA, Lamarck. 

Subgenus Euspongilla, Vejdovsky. 

Spongilla alba, Carter. 

(Plate iii; plate iv, figs. I, 2; plate v, fig. i.) 

. Spongilla alba , Carter, J Bomb. Asiat.Soc. Ill, p. 32, pi. i, fig. 4. 

,, id., Ann. Mag. Nat. Hist. (2) IV, p. 83, pi. iii, fig 4. 

,, Bowerbank, Proc. Zool. Soc., p. 463, pi. xxxviii, fig. 15. 
cerebellata, id., ibid. , p. 465, pi. xxxviii, fig. 16. 
alba var. cerebellata , and Carter, Ann. Mag. Nat. Hist. (5) VII, 
p. 83. 

cerebellata , Weltner, Arch. Naturg. LXI (i), p. 117. 
alba , Petr, Rozp. Ceske Ak. Praze II, pi. i, figs. 3-6. 
lacustris var. bengalensis, Annandale, Journ. Asiat. Soc. Bengal, 
p. 56. 

cerebellata, Kirkpatrick, Ann. Mag. Nat. Hist. .{7) XX, p. 523. 
alba, Annandale, Rec. Ind. Mus. I, p. 388, pi. xiv, fig. 2. 


1849. 

1863. 

1863. 

1881. 

1895. 

1899. 

1906. 

1907. 
IQ07. 
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X907. ; con , a op . cit „ m, P . ,ox P i. xii, % 1. 

I?' ” alba var and var. bengalensis, Annandale. Faun. Bnt. 

9 ’ ” ini ., Freshw. Sponges, etc., pp. 76, 77 . fig- 86 (p. 71). pi- >, 

£gS ‘ I_3 ‘ 

I0II travancorica, id., ibid., p. oi, fig. n. 

9 n ’ laeustris var. wWA, Susswasserschwamme in W,ss. Ergebn. 

Oeutsch Zentralajrika-Exped. 1907-1908, Zool. 11, p. 475. 

The characters usually employed in distinguishing the species of Sfongilla com¬ 
pletely break down in separating S. alba from S. laeustris. Nevertheless, I believe 
them to be distinct, for the following reasons: 

1 Even when 5. alba is growing side by side with green forms of S. laeustris, as 
is sometimes the case, its cells never contain chlorophyl-corpuscles (cells of the alga 
Chlorella). 

2. In the living sponge, even when it is fully expanded and in full activity, 
the oscula are not protected by conical dermal collars, but can be partly or com¬ 
pletely closed by horizontal or oblique membranous diaphragms, as in 5. ( Eunapius ) 
carteri. 

3. The oscula are not surrounded by radiating exhalent canals of small width 
and r un ning immediately below the dermal membrane; single canals similarly 
situated but of much greater size often open into them after running along the 
surface for a considerable distance. 

4. The main exhalent canals in the interior of the sponge are of much greater 
calibre than in 5. laeustris. 


5. There is a much thicker horny membrane at the base of the sponge. 

6. There is often a subsidiary skeleton in 5. alba, consisting of single macroscleres 
fastened together to form a dense irregular network by a secretion of chitinoid sub¬ 
stance. 

The fact that these characters are for the most part difficult or impossible to 
recognize in ordinary preserved specimens does not invalidate them from a theoreti¬ 
cal point of view, although it renders them inconvenient to the systematist. 

There are other distinguishing characters that can usually be applied to indivi¬ 
dual specimens even when these are not in particularly good condition, but they are 
not constant and both species are of extreme variability in accordance with environ¬ 
ment, locality and individual idiosyncracy. The most notable of the usually differ¬ 
ential characters exists in the structure of the skeleton. 

In the typical form of 5. laeustris ( i.e. the form usually found in normal cir¬ 
cumstances in Northern Europe) the radiating or vertical spicule-fibres are compact 
though slender, and often run for some distance without branching. The spicules 
of which they are mainly formed are cemented together by a secretion of horny 
substance, which does not, however, form a sheath on the surface of the fibre. 
These fibres are joined together, often at considerable intervals, by more slender 
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transverse ones or even by single spicules: at places there is also an irregular 
network of single spicules or very fine fibres. At all points at which spicules of the 
skeleton meet one another at an angle there is a more profuse secretion of homy sub- 
tance, which there forms a kind of veil 1 often produced for some little distance along 
the surface of individual spicules. 

In the typical form of 5 . alha ( i.e . the form represented by the type specimen, 
which is from fresh water on the island of Bombay) the structure of the skeleton 
is essentially the same, but the radiating fibres branch and anastomose more freely 
and the transverse ones are more numerous, so that a closer and harder network is 
formed. Moreover, the subsidiary skeleton of single spicules to which I have alluded 
already is characteristic, in its full development, of the harder phases of this species, 
although but slight traces of it can be detected in the more fragile forms thereof. 



Fig. i. —Spongilla alba, Carter. 

Vertical section of a moderately hard sponge from Pigeon Id. in the Chilka bake, x 3®- 

If a long series of specimens from different localities be examined it will be found that 
some of them agree in skeletal structure almost precisely with the typical 5 . lacustris. 
In the Chilka Lake and its immediate vicinity we obtained specimens not only pro¬ 
viding a complete transition, but even going further in some cases than the typical 
5 . lacustris in the direction of simplicity of skeleton, and, in. other cases, than the 
typical 5 . alha in that of complexity. In simple forms the secretion of homy 
matter is much reduced and it does not produce veil-like films at the nodes of the 

skeleton (see pi. iv, figs, i, 2, and pi. v, fig. i). 

Neither the spicules nor the gemmules afford any constant differential character. 
The macroscleres are simple, sharply .pointed, smooth amphioxi, very variable in size 

1 Apparently this veil is never deposited in distinct concentric layers as in Lubontirskia, cf. Annan- 
dale, Rec. Ini. Mus. X, p. 144 , pi. ix, fig. la (1914)* 
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and proportions in the case of both species, but not essentially different from those 
of many other sponges. The free microscleres, although also variable, are identical 
or practically identical in the two species. The microscleres of the gemmule of all 
forms of 5. alba with which I am acquainted differ from those of the typical form of 
5. lacustris in being relatively more slender and in never having a very strong curva¬ 
ture, but both these features are found in some forms of S. lacustris also, e.g. in the 
common Indian varieties reticulata and proliferens .' The number of free microscleres 
present is extremely variable. Sometimes they are practically absent from the 
choanosome. The spicules of a specimen of moderate hardness are figured, on p; 3. 

The number of spicules present in and on the pneumatic coat of the gemmule 
—in some forms of S. lacustris both spicules and coat are practically absentr-is 
extremely variable; their precise arrangement is correlated with their number and 
with the thickness of the coat, another variable character. 

In the synonymy, given above I have included the names of four varieties (the 
typical form, varS. cerebellata } marina and bengalensis) and of a “species ” (S. travan- 
corica) that I formerly regarded as distinct. Although “typical” (i.e. extreme) 
specimens of these can be readily distinguished,, so many intermediate sponges occur 
that any attempt to distinguish them consistently is vexatious and unprofitable. 
The form travancorica is perhaps more strongly differentiated than the others, but 
the original description of it was founded on a single degenerate specimen and many 
of those from the Chilka hake approach it closely. 

Among the latter are included the types of the var. marina : also many sponges 
that are even further removed from the typical S. lacustris than is the type 
of S. alba , as well as others clearly referable to the typical form of the latter, to 
bengalensis or, identical, except in the features noted above, with some forms of 
5 . lacustris. Others, again, are much harder than the forms of either species hitherto 
described. The spicules and skeleton of an average specimen are figured in figs. 1 
and 2, pp. 27, 30. 

Variation in the structure of the skeleton is definitely correlated, in sponges 
from the lake, with environment. Generally speaking, those that grow on. rocks 
exposed to the violence of waves in open water are hard, their skeleton-fibres being 
thick, branching and anastomosing freely and containing much horny matter, while 
the subsidiary skeleton is well developed; those that grow among loose filamentous 
algae have remarkably slender fibres forming a very open network and containing 
very little horny matter (compare figs. 1, 1 a with fig. 2 on pi. .iv). In such sponges 
the subsidiary skeleton is practically absent. 

But intermediate forms occur. The softest specimens of the species I have seen 
anywhere were growing among loose weeds in a small pool of practically fresh water 
on Barkuda Id.; sponges from rocks in the same pool were much harder, though not 
as hard as those from similar positions in the lake. 


tubular form of foraminal armature characteristic of 5. proliferens is not constant and the 
sponge cannot therefore be regarded any longer as a distinct species. 
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The species may be described as essentially an encrusting sponge, but short 
branches, as a rule distinctly compressed rather than cylindrical, often arise from 
the surface. Sometimes they are so thin as to be almost filamentous, often they are 
short and stout and of irregular, triangular or trilobed cross-section (pi. v, fig. i). 
In most cases these branches (pi. iii) are mere crusts enclosing fine filaments of algae 
or the stems of water plants, but sometimes it is not possible to detect in them any 
extraneous core. 

In the phase that occurs on rocks in the Chilka I^ake the larger waterways 
have a distinctly radial arrangement and the main exhalent channels converge, near 
and on the surface of the parenchyma, to a central primitive osculum. The external 
surface has a reticulate appearance owing to the arrangement of the skeleton and the 
meshes are often distinctly longer in the direction of the exhalent channels than in any 
other. The inhalent channels are vertical in direction and are conspicuous in the 
dried sponge as circular pits extending downwards from the surface. The dermal 
pores are scattered and very minute. They have the unicellular structure character¬ 
istic of the family. 

S. alba has been found in fresh water at several widely separated localities in 
India: the island of Bombay, the Western Ghats, Calcutta, and Hyderabad: also 
near Cairo in Lower Egypt; nowhere does it appear to be of common occurrence 
in ordinary ponds and lakes. It is, however, extremely abundant in brackish 
water in the Gangetic delta and has been found in the same medium on the 
west coast of India in the backwaters of Cochin. In the Chilka Lake its distribution 
is somewhat remarkable It occurs on all the rocks of the northern region, often 
growing luxuriantly and covering considerable areas, and is found among loose ,algae 
in the outer channel. In sheltered inlets among the rocks its gemmules often form a 
scum on the surface. South of Kalidai Id it is not present in the lake, although 
many rocks apparently suited for its growth are situated round Rambha Bay. It 
does grow, however, in a small pool of practically fresh water on Barkuda Id. Even 
on Kalidai, on the north side of which it is common, we did not find it on the 
south side. A very careful search at low water on Maludaikuda Id. failed to reveal 
a single specimen, and no gemmules could be detected on the surface of the water. 
The sponge evidently flourishes best at depths of from 2 to 10 feet. We found it 
growing actively and producing larvae in water of a sp. gr. of i - oo 65 , but it cannot 
exist in water that never becomes fresh or practically fresh ; specimens taken in salt 
water in the outer channel were all dead. 

The larvae are of the true Spongillid type and resemble those of 5 . lacustris in 
their ovoid shape. 

The colour of S. alba varies greatly but depends on external circumstances. As 
its name indicates, the sponge is, when growing in clean water, of a glistening white 
very characteristic in its purity, but if the water it inhabits is muddy, as is usually 
the case, it assumes the hue of the surrounding soil. In the pond on Barkuda Id., 
where the earth and rocks contain much iron, it is reddish; in the lake and in the 
creeks and canals of the Gangetic delta it is grey, but this tint is usually concealed 



3<> 


Memoirs of the Indian Museum. 


[Vot. v, 

by a dull green flush sometimes so strong as to predominate. In these cases the 
colour is due to nothing inherent in the sponge but either to minute particles of silt in 
its parenchyma cells or to the growth in its substance of green filamentous algae 
which belong to several quite distinct groups. In the Chilka hake a chain-forming 
diatom is often responsible for the green tint. 

In its power of engulfing particles of silt without apparent detriment to itself 
this sponge shows itself peculiarly adapted for existence in muddy water in which 
the solid particles are extremely small, as is the case both in the lake and in most 
other places at which it has been found. The minuteness of its dermal pores 1 
doubtless serves a similar purpose, or at any rate saves it from being overwhelmed 



Ftg. 2 . — Spongilla alba, Carter. 

Spicules of a normal specimen from the Chillee Lake, * 255 . 


by the deposition of silt. The green algae that grow in it are parasitic, or at any rate 
incidentally destructive. 2 

Where ro( ~ks occur S. alba is literally attracted to them, for as the gemmules are 
e ? T T ^ 6 s P on ^ e ky the gradual disintegration of its skeleton, they gravitate 
owar e rocks on the same principle that floating bodies of all kinds are 

* t ; a .f d °“ ;l° another or t0 fixed ob i«ts. Their liberation takes place, owing to 
cay of the sponge and the disintegration of the skeleton on the death of its 
cells,mainly bet ween Fe bruary and June, but may occur at any time of the year, 

»„r <“,” 4" * * only in the w - 

See Faun. Brit. Ind., Freshw. Sponges, etc, p. 49 ( I9II ). 9 $ * 
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and many of them are retained in situ, for the skeleton is rarely destroyed completely 
ere the return of the waters. In the pond on Barkuda Id. only dead sponges 
were found in April; in July the gemmules were beginning to sprout, and in September 
the sponges were in full activity, new gemmules being formed. A mass of sprouting 
gemmules kept in a dish of water on the island in July produced in five days a 
small sponge with a single osculum. It is worthy of note that they did not each 
produce a different (c individual”, but built, as it were, a single edifice in common. 
The sponge is in full vigour in the lake in November and continues in this condi¬ 
tion until the rocks on which it grows become dry or the water round them grows foul 
owing to the decay of vegetation. As late as the beginning of March some extremely 



Fig. 3.— Spongilla nana, sp. nov. 

Spicules of one of the type-specimens, x 255. 

hard living specimens were obtained on a little rock out in the lake near Patsahanipur. 
The water was free from decaying weeds and covered a considerable depth of rock. 
The earliest date at which we saw 'sponges of the species in a vigorous condition 
was the end of September ; a large specimen was obtained a few days before the end 
of that month on a reed at Nalbano Id. in 1913. The sponges taken in March (in 
water of a specific gravity sometimes as high as 1-0065) contained many mature 
embryos and young larvae as well as gemmules. The two kinds of reproductive body 

were evidently produced in close proximity. 

The canals of S. alba 1 often give shelter -to larg<* numbers of small animals of 


1 Faun. Brit. Ind ., Freshw. Sponges p. 76 (1911). 
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various kinds, but this is not so commonly the case in the Chilka L<ake as in some 
other localities! We found in them, however, at least two species of Nematode worms 
(Dorylaimus sp. and Oncholaimus ehilkensis , Stewart ) as well as Polychacta of the 
family Nereidae. Molluscs of the genus Modiola are often overwhelmed by the 
growth of the sponge, but we did not find in sponges from the lake the shells of 
Corbula 1 so common in those from the ponds at Port Canning. 

One of the most striking illustrations of admixture of marine and freshwater 
fauna that the lake provides is the occurrence on the same rocks, and Often even 
intermingled, of Spongilla alba and a sponge of the marine family Suberitidae 
(.Laxosuberites lacustris, p. 49 postea). When they come in contact, the Spongillid, 
being the more vigorous species of the two, usually overwhelms the other. 


Spongilla nana, sp. nov. 

(Plate iv, fig. 3.) 

The sponge forms spherical or cushion-shaped masses that do not exceed and 
indeed rarely reach 5 mm. in diameter. The colour (in life as in spirit) is pale 
yellowish or buff. The whole structure is extremely fragile. There is as a rule a 
single osculum and in some specimens a cylindrical central cavity can be detected, 
extending downwards almost to the base of the sponge (pi. iv, fig 3). The sub- 
dermal cavity is ample and the general arrangement of the canals and apertures 
resembles that found in Spongilla alba. There is little or no horny matter at the 
base of the sponge, which is attached lightly to its support. 

The skeleton has a distinctly radial arrangement, but contains very little horny 
matter. The radial spicule-fibres are distinct but slender and feebly coherent. They 
can frequently be traced from a point near the centre of the sponge to its' surface, 
where they project as spines. The transverse fibres are, however, imperfectly 
differentiated and in many places represented merely by an irregular network of 
single spicules. No distinct subsidiary skeleton can be detected. 

The spicules in many respects resemble those of 5 . alba, but are as a rule more 
attenuated and irregular. The macroscleres in particular are remarkable in the 
atter respect. Some are sparsely and minutely spiny, but their irregularity of 
out me, the precise nature of which is best indicated by a figure (fig. 3, p. 31), is often 

o a more general nature. The spicules of this type are sharply pointed at both ends 
and as a rule slightly and regularly curved. 

The gemmule-spicules are slender and also exhibit a slight and regular curvature. 
pt ^, a . rae * e5 Lf re distiuctl y mucronate at both extremities, but sometimes one 
_ j 1S Ua ' ey k ear short, straight, sharp spines, which are fairly numerous at 

miririi ai f an d sometimes a little retroverted in this region. The 

middle of the shaft is often bare or has only a few isolated spines. 


1 Rec ‘ Ind • Mus - x > PP- 245. 247 (1914).. 

Frel^Sfo Hi “' <7) XIX ’ P - 215 ,I907) and A " nandale ' Faun. Btft. Ini.. 
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The free microscleres are slender, spindle-shaped, sharply pointed, slightly curved 
amphioxi, covered fairly uniformly with short, straight, blunt spines. They are 
numerous both in the parenchyma and in the dermal membrane. 

The gemmules, though the sponge is never bulky enough to contain many of 
them, are fully formed and relatively large. They possess a thick pneumatic coat 
including many spicules. The- single foramen is armed with a horny cup or short 
tubule The spicules are for the most part tangential to the inner coat but a large 
number stand upright or nearly upright, giving the surface an irregular appearance 
like that of the gemmules of the form of S. alba that I called travancorica. There are 
also a few horizontal spicules on the surface. 

Diameter of gemmule .. 0.27 mm. 

Length of macrosclere (average) 0192 ,, 

Thickness ,, ,, . o-oio ,, 

Length of gemmule-spicule (average) 0 098 „ 

Thickness ,, ,, ,, . . 0005 ,, 

Length of free microscleres (average) . 0-0102 ,, 

Thickness ,, ,, . . o-ooi ,, 


Type. No. Z.E.V 6455/7 I n d- Mus. 

Locality. In a small bay at the base of Patsahanipur promontory, Chilka 
Lake, Orissa, 26^-14. Salinity, of water approximately 1-006: depth not more than 
2 feet. 

We found this sponge on one occasion only, but then in considerable numbers. 
The little spheres or cushions were attached to the free stems of a water-plant. As 
they were in a small backwater behind a irock where there was much decaying 
vegetation, I was at first inclined to regard them merely as abortive or abnor¬ 
mal individuals of S. alba which, owing tp unfavourable conditions, had developed 
prematurely. This view would be supported by the fact that in general structure 
they resemble a little sponge from an aquarium in Calcutta that I regard as an 
abortive form of S. ( Eunapius ) carteri . l Although, however, the skeleton-spicules of 
young sponges of S. carteri are often irregular in outline, this feature is by no means 
strongly marked in the abortive sponge. Both in it and in some forms of S. lacustris 
that have been found growing in unfavourable environments the gemmules are poorly 
developed, being not only small but 'devoid or practically devoid of special micros¬ 
cleres ; this is also the case in large sponges of S. carteri induced by confinement in 
an aquarium to produce gemmules prematurely. It is, therefore, an important point 
in considering the status of S. nana that its gemmules are fully developed and 
relatively large: it is clear that the sponge, in the case of the type-specimens, has 
produced the gemmules and not the gemmules the sponge, for their surface shows no 
signs of wear or of having been exposed unprotected to the water and many of them 
were actually in the course of formation when killed, the outer part of their coat not 


1 Faun. Brit. Ind., Freshw. Sponges , etc., p. 126, etc., pi. i, fig. 4 (1911). 
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being as yet complete. It is mainly this consideration that has induced me to 
describe the species as distinct, but no other sponge m the subgenus has skeleton- 
spicules of quite the same nature. 

Suborder ASTROMONAXONELLIDA. 

Family CLIONIDAE. 

Genus CLIONA, Grant. 

1888. Cliona, Topsent, Arch. Zool. experim. (2) V bis, p. 76. 

1891. ,, id., ibid., (2) IX, p. 556- 

1915. ,, Annandale, Rec. Ind. Mus. XI, p. 1. 

Elsewhere I have given a key to the Indian species of the genus (19*5; P- 5)- 
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Fig. 4 .—Cliona vaslifica, Hancock, 

Spicules of a specimen from the oyster-beds at Manikpatna. 


Cliona vastifica, Hancock. 

(Plate iv, fig. 7.) 

1900. Cliona vastifica, Topsent, Arch. Zool. experim. (3) VIII, p. 56, pi* 
figs. 3—9- 

1915. Cliona vastifica, Annandale, Rec. Ind. Mus. XI, p. 8. 

A full description and synonomy of this well-known species will be found in 
Topsent’s paper of 1900. I give here (fig. 4) a figure of the spicules of a specimen 
from the outer channel of the Chilka Lake. 

As I have recently pointed out (1915, p. 8) C. vastifica is the commonest species 
of boring sponge on the coasts of India in quite shallow water; it is cosmopolitan in 
its distribution. In the Bay of Bengal it is very abundant; apparently it does great 
injury to oysters and similar bivalve molluscs both there and in the Persian Gulf. 
In the seas of France it is, according to Topsent, less vigorous than C. celata, Grant; 
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but this is not the case in Indian waters. I figure on plate iv a fragment of an 
oyster-shell from Manikpatna destroyed by it. 

In the Chilka Lake C. vastifica is abundant in the oyster-beds of the outer 
channel. We found it in a flourishing condition both in September, 1913, when 
the water was fresh or practically so, and in March, 1914, when it was as salt as 
that of the Bay of Bengal (sp. .gr. 10265). In the main area, towards the south 
end of the lake, we took a few shells in which it occurred in February, March, and 
November in water of a sp. gr. of from 1 - oo6 to I'oio. In the outer channel it was 
always obtained in the shells of Ostrea, in which it was also found in the Ennur back¬ 
water and the Adyar river near Madras in October, 1913; whereas in the main area 
of the Chilka Lake it was only seen alive in shells of Purpura {Thais) carinifera. 
In the latter region, however, burrows that agree with those made by it in oyster- 
shells elsewhere were noticed in dead shells of Placuna and Ostrea. 

At both seasons of the year at which we took this species in the outer channel 
its burrows contained many gemmules as well as living sponge-tissue, and were 
numerous and of a relatively large size; but examples found in shells of Purpura 
in and in the neighbourhood of Rambha Bay contained few gemmules and were 
otherwise feeble, though their spicules were well-developed and typical. Curiously 
enough, C. vastifica shares with a deep-sea species of its genus (C. annulifera, 
Annandale 1 ) the power of producing gemmules. Their utility is, I believe, in both 
cases connected with the fact that the shells in which the sponge makes its excava¬ 
tions are liable to be invaded by other boring sponges or covered over by species of 
encrusting or parasitic habits. We found numerous examples of Laxosuberites aquae- 
dulcioris on the outside of oyster-shells whose substance was permeated by the 
galleries of C. vastifica. Where the Suberitid was very thin the excavator main¬ 
tained itself alive and thrust its papillae right through the substance of the encrust¬ 
ing form, but this became impossible as the latter grew thicker and the hidden 
sponge was soon overwhelmed. Encrusting sponges that coat small areas such as 
the external surface of shells cannot be long-lived and it is not improbable that the 
gemmules lie concealed in the 'interior of the shell when their parent-sponge is over¬ 
whelmed, and sprout in situ if favourable conditions return. 

Family SUBERITIDAE. 

Genus SUBERITES, Nardo. 

1900. Suberites, Topsent, Arch. Zool. experim. (3) VIII, p. 224. 

The genus Suberites as now restricted consists of massive sponges with a con¬ 
fused skeleton, without detachable ectosome, but with vertical bunches of spicules 
on the surface. Although a considerable number of Indian species were assigned to 
it in days when the name had a much wider significance, only three that have 
hitherto been recorded from Indian seas can now be assigned to the genus: Suberites 


1 Rec. Ind. Mus. XI, p. 12, pi. i, fig. 3 (1915). 
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carnos«s (Johnston),' 5 . incomtuns, Pendy* and S crucuUm of the same author. 
The first of these is a cosmopolitan species found, by Carter in the late Dr J. 
Anderson’s collection from the Mergui Archipelago: the two latter were described by 
Prof. Dendy from Mr. E. Thurston’s and Prof. Herdman’s collections from the Gulf 
of Manaar. Thiele* states that S. inconstans is a Spimstrella, but I have not 
succeeded in finding the characteristic microscleres of that genus in specimens from 
the Gulf of Manaar; possibly the sponges from Celebes examined by Thiele repre- 
sented a distinct species. Cartels Suberites vestigium, an example of which was 
r ecen tly obtained by Mr. S. W. Kemp at Kilakarai on the Gulf of Manaar, is a Pseudo- 


suberites. 

One species of Suberites (s.s) is well represented in our collection of the Chilka 
fauna, namely S'. seviceus } Thiele, a very distinct form that shows a relationship in 
one of its phases to Pseudosuberites , though better developed sponges clearly belong 
to the parent-genus of the family. This species was originally described from Japan. 


Suberites sericeus, Thiele. 

(Plate iv, fig. 4.) 

1898. Suberites sericeus, Thiele, Stud. ii. pacif. Spongien (Bibl. Zool.. X, 24), 
p. 39, pi. viii, fig. 10. 

Thiele’s species was described from two small specimens that had grown on the 
shells of Gastropods. Apart from his account of the spicules, of which he gave a 
good figure, the description was by no means full and all that we learn from it is that 
the specimens, which were dry, formed thin films of small size and that the skeleton 
of one was amorphous while that of the other was “ somewhat reticulate.” Fortu¬ 
nately the spicules are characteristic. Although all are macroscleres and tylostyles, 
they may be separated into two classes, the more distinctive of which is remarkable 
for its short, stout form (fig. 5). 

In the Chilka hake this sponge is found in two phases, one of which is appa¬ 
rently identical with that of«the type-specimens, wjiile the other is much more 
robust. The former may be called phase A, the latter phase B. 

In phase A the sponge is restricted in area, forms a film not more than 2 mm. 
thick and has a. minutely hispid but otherwise smooth surface; whereas in phase B 
it extends over areas of considerable extent, may attain a depth of at least 50 mm., 
and is not only hispid on the surface but also produces irregular projections and, 
occasionally, curious ear-like horizontal outgrowths. 

The two phases “are not absolutely distinct, for the extreme periphery of large 
masses of sponge closely resemble phase A and when masses of the kind grow out 
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Most fully described by Topsent in the paper cited (1900), p. 233. 

Ann. Mag . Nat . Hist. (5) XX, p. 154, pis. ix, x (1887). 

In Herdman s Ceylon Peuvl Fisheries III, p. 131, pi. v, fig. 10. 

Stud. u. Pacifisch. Spongien (Bibl. Zool. X, 24), p. 10, pi. i, figs. 3, 3a, pi v, fig. 4 
A fm. Mag. Nat. Hist. (5) VI, p. 5a , p l. v , fig. 2I (l88o) . 


(1899). 
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over leaves that come in contact with them or the shells of mussels attached to the 
same support, the thin film that they first produce over these bodies, before incor¬ 
porating them, is indistinguishable from the less robust phase. The differences 
between the skeletons of the two phases are no less striking than those between their 
external forms, and just as in Laxosuberites aquae-dulcioris one phase of the species 
approaches the genus Prosuberites in certain details of structure (p. 43 postea), so 



Fig. 5. —Suberites sericeus, Thiele. 
Spicules of a specimen in phase B, x 255. 

A.—Heads of spicules further enlarged. 


in Suberites sericeus one phase, in this case as in that of the other species the 
ess robust, approaches the genus Pseudosuberites. 

Before discussing the peculiarities of the two phases in detail it will be as well 
to say something of the specific characters. 

The most constant of these is the occurrence both of short, relatively stout 
spicules and of much larger ones in which the shaft is relatively more slender. 
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Thpse of the larger type have small subglobular heads which are not separated 
from the shaft by a constriction. As a rule the heads are only prevented from being- 
spherical by the fact that they are flattened at the point at which they are attached 
to the shaft, but trilobed, acorn-shaped and other forms occur among them (fig. 5) 
and these are often asymmetrical. The shafts are long, relatively slender and as a 
rule straight, if curved but slightly so and usually only towards, the distal extremity. 
The m aximum diameter is already attained at the point at which they are joined 
to the head and does not diminish until near the other end, at which the shaft tapers 
to a very fine point. The greatest length of the spicules of this type is 0*44 mm., 
the greatest thickness of the shaft 0-0117 mm. and the diameter of the head about 
0-0126 mm. Some spicules that belong on account of the relative slenderness of 
their shafts to the same type are rather smaller and a few greatly so, being not more 
than 0105 mm. long. The diameter of the shaft varies considerably. 

The second type of spicule has the shaft as stout as that of the largest spicules, 
but the maximum diameter is situated as a rule near the middle of the length 
and the shaft tapers towards the head. The length of the shortest spicules of this 
type is not more than 0 098 mm., but it may be as much as 0*147 mm. and is usually 
about 012 mm. 

Spicules of the first type are found in abundance throughout the sponge, but 
those of the second occur singly in the central parts only. 

The living sponge, in both phases, is of a bright sulphur-yellow colour, which is 
evenly distributed throughout its substance and disappears rapidly in spirit. The 
consistency is soft and somewhat elastic. 

The oscula are small and scattered; they are not connected, as in the two 
species of Laxosuberites found in the lake, with a regular system of subdermal canals, 
but a few irregular exhalent channels in this position sometimes open into them. As 
a rule these canals are more deeply buried, often running for some distance parallel 
to the surface in the choanosome and opening not directly into the osculum but into 
vertical canals that extend downwards from it. The pores are minute and not 
confined to restricted areas; the vertical lacunae into which they open are small and 
the structure of the whole inhalent system is obscure. 

The position of the main exhalent channels, combined with the rather dense 
structure of the outer parts of the sponge, indicates some approach to the differen¬ 
tiation between ectosome and choanosome that reaches a much higher degree of 
development in Pseudosuberites. There are always, moreover, horizontal spicules- in 
the external parts, though this is much more marked in certain conditions of the 
sponge than in others and in some cases their number is very small. 

There is a stout horny membrane at the base of the sponge. 

Phase A . 

The skeleton in this phase is fragile and the exercise of pressure immediately 
reduces it to an amorphous state. If sections be made of carefully preserved mate¬ 
rial a definite structure is apparent, especially if the part sectioned does not contain 
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gemmules. In those parts of the sponge in which reproductive bodies are absent., 
numerous spicules will be found with their heads embedded in the basal membrane 
and their points projecting upwards. In most cases they do so at an angle less than 
a right angle, but regular ascending columns of an entirely non-plumose character 
can be distinguished. The lowest spicules in these columns project straight upwards 
from the basal membrane, while the highest form brushes on the surface of the 
sponge, where they are to some extent splayed out. 

Otherwise the skeleton forms an indefinite network in which the strands are 
formed mainly of single spicules and no very distinct fasciculation can be detected. 
On and near the surface there are numerous horizontal spicules. 

Where gemmules are present the lower part of the skeleton becomes partially or 
wholly disorganized, while the spicules tend to be massed in a horizontal layer a 
little below the surface. As the cellular parts of the sponge also degenerate on the 



Fig. 6 .—•Suberites sericeus, Thiele. 

Vertical section through the outer part of a sponge in phase B, showing gemmules, x ca. 10. 

production of gemmulesi and are less completely destroyed where furthest from these 
bodies, the flesh is also massed together above and an “ectosome ” distinct from the 
choanosome is thus formed (fig. 7, p. 40). 

Gemmules are produced in large numbers. They form a single layer at the base 
of the sponge firmly connected with the adherent basal membrane. They vary greatly 
in size and shape but are always flattened at the base and strongly convex above. 
Their horny coat is thin, but the fact that it is deposited in several layers can 
sometimes be ascertained from .its laminated structure. There is no foramen 
(micropyle). The structure of the actual reproductive body is that usually found in 
the gemmules of sponges. Spicules do not as a rule penetrate the gemmule-coat. 

Phase B. 

The skeleton in this phase is much more complex (fig. 4, pi. iv). The spicules that 
have their heads embedded in the basal membrane form a dense irregular mass, all or 
practically all of them meeting the membrane at an angle less than a right angle. 
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Only obscure traces of vertical fasciculation can be detected in the basal parts 
immediately above this mass, but on the surface of the sponge the vertical tufts of 
spicules so characteristic of several genera of Suberitidae are well developed. They 
arise directly from vertical, entirely non-plumose columns in which all the spicules 
point directly upwards and which can be traced downwards to different levels in 
the sponge, some of them for at least one-third of its depth. The section figured on 
pi. iv passes through the outer wall of a large horizontal canal probably belonging to 
the exhalent system and it will be readily seen that the spicules here lie horizontally 
parallel to one another. Had the section passed outside the canal altogether no such 
horizontal stratum would have been shown, and had it passed through the lumen 
instead of the wall there would of course have been a longitudinal gap. In the 
former case it would have been possible to trace the vertical columns much further 
down, and they would have merged gradually into the confused intermediate zone 
of the skeleton instead of being sharply divided from it by a horizontal layer. 



Fig. 7 .—Suberites sericeus , Thiele. 

Vertical section through a sponge in phase A with gemmules, x 150. 

If fragments of this confused intermediate layer be removed from the sponge 
they will be found to be surprisingly coherent; it is even possible to macerate the 
flesh from them and preserve them intact. The explanation lies in the fact that many 
of the spicules are cemented together in slender and often irregular fascicles by a 
scanty but strong secretion of transparent horny substance and that both the fasci¬ 
cles and single spicules not included in them are fastened to one another in a similar 
manner at the points at which they impinge This is particularly noteworthy in the 
neighbourhood of foreign bodies such as the stems of Hydrozoa ( Bimcria) that lie 
buried in the sponge. The heads of many spicules are embedded in a horny secretion 
covering such bodies in exactly the same manner as at the base of the sponge and 

these spicules seem to form as it were a nucleus from which the reticulation of the 
skeleton arises (pi. iv, fig. 4 a). 
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Getnmules are developed abundantly. Individually they resemble those fo un d 
in the other phase of the species, but they form, instead of a flat basal layer, serpentine 
masses (fig. 6, p. 39) that meander through the sponge-like veins of mineral in a rock. 
Each of these masses has in its centre some foreign body such as a filament of alga 
or a branch of Bimcria and there is no essential difference in the two phases except 
that the gemmules in phase B are attached to foreign bodies of the kind instead of 
to the basal membrane. 

Suberites sericeus was described from Kagoshima in Japan and has not hitherto 
been recorded, so far as I am aware, from any other locality. In the Chilka Bake 
we found it both in the outer channel and in the main afea. In the latter we dis¬ 
covered accidentally that the bottom of the ‘ Kady of Chilka ’ , which then lay off 
Barkuda Id., was coated with masses of the sponge in its more robust phase. 
This was in July, 1914* Ei th e outer channel specimens of the less robust form 
were taken in September, i 9 * 4 > at four stations, in all cases in very small quantities. 

The sp. gr. of the water, which was quite fresh in the outer channel in Septem¬ 
ber, was 1-0145 at Barkuda Id. in July. The depth at which the sponge was collected 
varied from about 2 feet to about 2 fathoms. 

The species seems to stand alone in the genus; from other species the structure 
of its skeleton, as well as the form of its spicules, separates it. It has no close relation¬ 
ship to the genus Laxosuberites , to which Topsent, who had evidently not seen a 
specimen, proposed to assign it {op. cit., 1900, p. 184). 

The phase A was found in the Chilka Take coating the leaves and stems of 
Halophila ovata and other plants, while in Japan it was taken on the shells of 
Gastropod molluscs. The phase B has only been found on the bottom of a steam- 
launch. The small size and feeble development of the former may possibly be 
connected with the small area to which it was confined, while the circumstances in 
which the robust sponge was growing, on the only occasion on which it has yet been 
seen, were perhaps unusually favourable for its growth. The fact that one phase 
was taken in brackish and the other in fresh water was probably accidental. 
Gemmules were found in both forms in the circumstances described. 

On the c Eady of Chilka ’ the sponge had grown over an assemblage of small 
mussels ( Modiola striatula) as well as many colonies of the hydroid Bimeria fiumina- 
lis. Some of the latter seemed to be quite dead, but others were valiantly holding 
their own and budding out fresh polyps on the surface of the sponge. Of the 
mussels a few also survived and had succeeded in keeping open, over the tips of 
their shells, slit-like apertures through which they could obtain food and water. 
But the majority had perished and been completely buried. In some cases the 
two valves were found still cohering at the narrow end but forced widely apart at 
the other and coated inside and out with living sponge. In others the valves were 
shut or almost so, and the remains of the animal, not yet completely liquified, were 
still held between them. In yet others the sponge was beginning to force the shells 
apart at the broad end and to invade their inner surface ; the remains of the animal, 
rendered liquid by putrefaction, were being gradually absorbed. These facts are 
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interesting as suggesting a reason, or rather as supporting a suggestion already 
advanced^ for the fact that sponges of different kinds frequently grow over molluscs 
or their eggs and that the shells or egg-cases are found full of sponge-substance. 

The case of hydroid colonies buried in sponges is somewhat different. In in¬ 
stances such as the present one their vital parts may serve as food for the sponge, but 
in others the association is apparently symbiotic and the two organisms afford mutual 
support the one to the other without suffering in consequence.' 

Genus LAXOSUBERITES, Topsent. 

1896. Laxosuberites , Topsent, Mem. Soc. zool. France , IX, p. 126. 

1900. ,, id., Arch Zool. experim. (3) VIII, p. 184. 

Topsent (1900) defines this genus as having the skeleton composed of ascending 
colu mn s in which the spicules are all orientated in one direction. Neither of the two 
species found in the Chilka Take agrees precisely, when fully developed, with this 
definition, for the spicule-fibres that form the main element in the skeleton are to a 
large extent horizontal and there are also many non-fasciculated hprizontal 'spicules 
in the choanosome and basal membrane that may be regarded as a part of: the 
skeleton. However, the peculiarities of these species are obviously correlated with 
the method of growth and certainly do not justify generic separation from L. rugosus 
(Schmidt), the type-species of the genus. Their relationship to it is discussed 
on p. 50. 

According to Topsent, Schmidt’s Suberites paludum, which was originally 
described from a Mediterranean lagoon, is synonymous with L. rugosus. The genus 
is also represented in the fauna of the Black Sea and other enclosed waters and 
would seem to be one peculiarly capable of adapting itself to life in such situations. 
A remarkable adaptation of the gemmules of one of the Chilka species is described 
here (pp. 48, 49). 


Laxosuberites aquae-dulcioris (Annandale). 

(Plate iv, figs. 5, 6.) 

1914. Suberites aquae-dulcioris , Annandale, Rec. Ind. Mus., X, p. 157, pi. xi, 
fig. 1. 

I have little to add to the description of this sponge published in 1914* so far 
as its structure is concerned. Attention may be invited, however, to the peculiar 
spiral arrangement of the spicules round the broader vertical canals (pi. iv, 
fig. 6 a) and to the fact that the sponge occurs in two somewhat distinct phases 
of growth in accordance with the nature of the surface to which it is attached. 
When it is growing on an oyster-shell or a stick it is rather more robust and has 
the skeleton distinctly better developed than when it is attached to the leaves and 

1 Anuandale > Faun • Brit. Ind.,' Freshw. Sponges, etc., p. 94 (i 9 n). 

2 Herd man, Journ. Linn. Soc. (Zool.) XXXII, p. 271 (1914). 

" Alcock > Ann. Mag. Nat. Hist. (6) X, p. 208 (1892). 
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sknder stems of weeds. In the latter situation it is naturally dwarfed, owing 

“f to whlch * is restricted, and its skeleton is so simplified 
(fig- 9 . P- 44 / that it r esembles that of Topsent’s genus ProsuberUes, which is defined 
as aving all the tylostyles with their heads in contact with the basal membrane and 
their shafts projecting upwards. At the edges even of sponges of the more vigorous 
phase a similar arrangement occurs; but, as Dendy' has pointed out, the different 
genera into which the old genus Suberites have recently been divided are, in some 
instances, not very clearly separated one from another. In any cas e’L. aquae- 
dulcions is never devoid of horizontal spicules and always, in at least some spicule 
fibres, some of the spicules are not in contact with the basal membrane. 



A. 

Fig. 8 .—'Laxosuberites aquae-dulcioris (Annandale). 


Spicules from type-specimen, x 255. 

A.—Heads of spicules further enlarged. 

The species is abundant on the oyster-shells of the beds near Manikpatna in the 
outer channel of the Chilka Rake and has also been found, in its less vigorous phase 
on the stems and leaves of the plant Halophila ovata both in the outer channel and 
at various places in the neighbourhood of Barkul and Barkuda Id. in the main area. 
It occurs in water as salt as the Bay of Bengal, of different degrees of salinity and 
quite fresh, and is found vigorous in all (and at all times of the year) at depths varying 
from a few inches to 2 fathoms. 

Ripe embryos, which closed'' resemble those of L. lacustris (p. 49) in colour, 
size and external form, were found in a sponge growing on a leaf of Halophila at 
Barkuda Id. in July. Gemmules were seen only in specimens taken in fresh water 


1 In Herdmau’s Ceylon Pearl Fisheries, III, p. 131 (1905) 
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(both in the outer channel and in the main area) in September, but several sponges 
from oyster-shells from Manikpatna taken in that month do not contain these bodies. 
They are only present in specimens on leaves and stalks. Possibly the stimulus 
necessary for the development of gemmules in this species may be set up by the decay 
of vegetable matter, but more evidence is necessary before a definite opinion can be 
expressed. In structure the gemmules differ considerably from those of L. lacustris 
(fig. ii, p. 48) and are hardly distinguishable from those of the less robust phase of 
Suberites sericeus (fig. 7, p. 40), having thin shells without foramina and being arranged 
in a single adherent layer at the base of the sponge. 

L. aquae-dulcioris differs in colour in different circumstances. Often it is hyaline 



Fig. 9 .—Laxosuberites aquae-dulcioris (Annandale). 

Part of the skeleton of a sponge on a leaf of Halophila , x 100. 


and quite colourless; sometimes it is of a more or less deep orange-yellow, and 
occasionally bright green. The yellow colour seems to be due, probably in all cases, 
to the accumulation of food-material in cells that have taken part or are about to 
take part in the formation of eggs or gemmules, while the green is due to the 
growth in the substance of the sponge of a branching alga of simple structure, which 
only grows if the organism is exposed to light. As the sponge usually affects 
sheltered situations, this is not very often the case. 

I will discuss the affinities of this sponge together with those of L. lacustris on a 
subsequent page (p. 50). 
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Laxosuberites lacustris, sp. nov. 

(Plate v, figs. 2, 3). 

The sponge forms thin and fragile films, sometimes a little less so than those of 
L. aquae-dulcioris , on stones and rocks. Its colour varies in the same manner and for 
the same reasons as that of the latter species. In spirit any that may be present 
(except the yellow of the gemmules, which is remarkably permanent) disappears and 
the whole specimen assumes a milky opacity. The external surface, except imme¬ 
diately round the gemmules and on the roofs of the superficial canals, is level and 
minutely hispid These areas are smooth and, in the living sponge, convex. 

probably each sponge possesses only one osculum, but many frequently grow so 
close together as to form an apparently uniform layer of considerable area. The 
osculum is slightly raised on a crater-like eminence with gently sloping sides. In the 
living sponge it is protected by an oscular collar capable of expansion to a consider 
able length. This structure is a hollow cone formed of dermal membrane without 
skeletal support. The actual exhalent orifice is situated at its free extremity and is con¬ 
siderably narrower than the base of the cone. When fully expanded the latter is. 
much longer than it is broad at the base, where it is almost equal in width to the 
main exhalent channel from the roof of which it arises. The external ( i.e . im¬ 
mediately subdermal) horizontal exhalent channels form a very conspicuous feature 
in the external appearance of the sponge. Each system of the kind consists of a 
main channel which runs along the surface of the parenchyma in a straight or sinuous 
course for a distance of some 5 to 10 mm. The oscular collar arises from its roof at 
or near the middle. Running into it at fairly regular intervals on either side are 
lateral channels like itself but narrower ; these, in their turn, receive yet other, still 
narrower channels, so that an entirely horizontal ramification is formed. In the 
living sponge the roofs of all those channels, that is to say those parts of the dermal 
membrane that cover them, are markedly convex and quite hyaline. The inhalent 
dermal pores lie scattered in the intervals between the lateral channels. They are 
somewhat variable in size, but always minute; the largest I have seen were not more 
than 0*08 mm. in diameter. In the preserved sponge apertures of both kinds are as 
a rule obliterated, the oscular collars disappear and the roofs of the exhalent channels 
collapse. In both living and preserved specimens ridges may frequently be observed 
on the surface, sometimes marking off enclosed areas. These are, however, due not 
to any peculiarity in the structure of the sponge, but to the growth in its substance 
or below its base of algae, of the stolons of a Hydroid ( Bimsria) or of a Polyzoon 
(Loxosomatoides) , or else to the tubes made by a minute Polychaete worm. 

The dermal pores open directly, as is so often the case in thin encrusting 
Monaxon sponges of different families, into cylindrical channels of considerably 
greater diameter than themselves and running in a vertical direction. The upper 
part of these channels, which is wider than the lower, represents the subdermal cavity, 
but the lower part extends nearly to the base of the sponge. Finer afferent chan¬ 
nels are given off radially from the lower part of the main ones, run in a horizontal 
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or inclined plane and, probably after branching at least once, ultimately reach t&e 
small, ill-defined lacunae round which the ciliated chambers are arranged. Th* 
chambers are oval in outline and about 0 0026 nun. long by 0 002 mm. broad. Fine 
exhalent channels run from the lacunae and, after combining once or more, reach the 
superficial canals; their course is naturally upwards in a sloping direction. The soft 
parts of the sponge may be described as compact in comparison with those of other 
species of the genus. 

The skeleton consists of two distinct parts: plumose spicule-fibres that terminate 
in free brush-like bunches of spicules on the surface of the sponge, and a basal horny 
membrane containing isolated spicules, which are as a rule smaller and more slender 
than those of the fibres. 

The spicule-fibres differ but slightly as a rule from the type characteristic 
of the genus. Sometimes, however at the extreme margin of growing sponges and 
in stunted specimens they resemble the simple upright bunches of Prosuberites. 
In those sponges that may be regarded as fully formed and well developed the 
primary fibres are directed for a short distance vertically upwards from their base, 
then bend over gradually and run for some distance horizontally (that is to say 
parallel to the surface of the sponge), and finally protrude upwards. The spicules 
all point away from the bisal extremity of the fibre. Kxcept at the base, I have 
not been able to detect any binding substance in the fibres, and the extreme readi¬ 
ness with which the whole structure is disorganized by the exercise of pressure 
would seem to prove that substance of the kind is not more, at most, than very 
scantily present. The primary fibres terminate in the usual manner in bunches of 
spicules directed outwards as well as upwards; the tips pierce the dermal membrane. 
The whole disposition of the skeleton is closely correlated with that of the osculum 
and exhalent channels, and, indeed, with that of the water-system generally. The 
direction of the spicules is away from the osculum, so that the fibres they forjn 
radiate outwards from it between the nnin exhalent channels, parallel to which they 
run. At the margins of these channels the primary fibres give off short lateral 
branches that have a somewhat fan-like arrangement individually and lie in the 
dead sponge horizontally and practically parallel to the surface. Those from the 
primary fibre on either side of the channel nearly meet in its middle. When, how¬ 
ever, a current of water passes through towards the osculum it raises these lateral 
fan-like branches and causes them to arch over immediately under the dermal 
membrane, to which they give support. The tips of their spicules, which are 
directed outwards from the primary fibre, do not penetrate it as do those of the 
spicules which form the terminal brushes. Single spicules lie scattered in a horizon¬ 
tal direction on the floor of the superficial channels. 

At the base of the sponge there is a delicate but distinct horny membrane in 
which, as already stated, spicules usually smaller than those of the fibres lie 
scattered horizontally. This structure is very liable to be overlooked as it can be 
separated from the stone to which the sponge is attached only with some difficulty. 

All the spicules arc normally tylostylos and there arc no microscleres. The 
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tylostyles have a very distinct head, which is variable in shape and may be irregular; 
it is much more frequently spherical or symmetrically elliptical than in I. aquae- 
dulcioris. The shapes that it may assume in the two species are shown in figures 
8 and io. The shaft is usually straight or slightly and regularly curved. It is 
always slender and tapers gradually to a sharp point. There is practically no dilation 

0 0 

0 ft 

0 0 

0 o 

v 0 

A. 


1**10. io.— Laxosubcritfi lacuUris, sp. uov. 

Spicules from a typical specimen. • 255. 

»»f aptculc* further enlarged 

of the axial canal in the head, and this canal is never broad or conspicuous. The 
length of the largest spicules is 0 56 to 0*58 mm., and the breadth of the thickest 
part of the shaft 0 008 mm., the corresponding measurements in /.. aquM'-tiuJuohs 
being 0*33 mm. and 0005 mm.' In (acustris , however, some of the shortcr spicutes 

J “ 0*033” in the original description {Rec . Ind. Mus. X, p. 138) is a printers corn In *»mc 
specimens the Bpicules urc smaller than in others. 
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are ofteii actually stouter than those of greatest length. The breadth of the head is 
slightly greater than that of the shaft. The measurements of the spicules are 
extremely variable both individually and in different sponges, but some of them are 
always much larger than any in L. aquae-dulcioris. 

Gemmules are produced in large numbers. They are formed in groups at the 
base of the sponge and are visible externally as relatively large patches of lichenoid 
outline and of a deep orange-yellow colour. The skeleton becomes completely dis¬ 
organized in these patches and the basal membrane disappears as an independent 
structure. Each group consists of numerous gemmules piled one on the top of the 
other several layers thick. The individual gemmules are flattened on the lower sur- 




B 

Fig. ii. —Luxosuberites lacustris, sp. uov. 

A.—Larva in optical section, * 255. 

The cilia arc omit ted. 

B—Vertical section though a mass of gemmules, * 30. 


face, distinctly convex above, and polygoual in outline. The whole mass (fig. iib) 
is fixed together by spicules of the normal type which transfix the coats of the gem¬ 
mules vertically or tangentially, their heads being lower than their tips. The actual 
reproductive body consists of a congeries of cells of the usual form gorged with 
globules of food-material of a bright yellow colour. It is to this substance that 
the colour of the whole mass is mainly due, but it is intensified by the tint of the 
horny coat. Each gemmule has its own coat, but the different gemmules of one 
patch are so closely pressed together that their coats become intimately connected. 
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There is no orifice, but the coat, which is about o - oo7 mm. thick, is deposited 
in several layers, between which there is air or some other contained gas, so that, 
when dry, the structure has a slight silvery lustre. The gemmules vary in size, but 
the greatest transverse diameter does not exceed 0 21 mm. The biological signifi¬ 
cance of the whole structure is discussed below (pp. 51, 52). 

The larvae (fig. iia) is, when set free, a minute ovoid body distinctly truncated 
at the broader end. Its colour is a uniform clear yellow not quite so deep as that of 
the gemmules. Cilia cover the whole external surface except the broad truncated 
end, which forms a hernia of relatively large cells. I have not been able to make a 
detailed examination of living material, but in well-preserved and stained specimens 
the cells of the external ciliated epithelium (endoderm) seem to be slightly elongated 
immediately round the hernia. There is, therefore, reason to think that a ring of 
longer cilia surrounds this region. The greatest length (in Canada balsam) is about 
0139 mm., and the greatest width about 0102 mm. A distinct segmentation-cavity 
of irregular shape and relatively large size can be detected in the interior of the 
larva anterior to the mass of enlarged cells that forms the (posterior) hernia. 
A single fascicle of spicules is already present. Although the spicules are very 
slender, they are clearly tylostyles with a distinct head. Their heads rest, approxi¬ 
mately in a ring, a little in front of the eularged cells; their shafts point forward 
and a little outwards and lie to a considerable extent in the segmentation-cavity- 
Their points are separated by a considerable distance from the anterior extremity. 


The fascicle is composed of about 7 spicules. 

Type. No. Z.E.V O442/7. Ind. Mus. 

L. lacustris has been found as yet only in the main area of the Chilka Lake, in 
which it occurs abundantly, often together with Spoil gilt a alba wherever there are 
rocks or stones at the edge. It can live, at any rate for a season, in pure fresh 
water and has not yet been found iu that of a greater sp. gr. than 1 0150. It grows 
at all times of the year, but is most vigorous at the season when the water of the 
lake is brackish but the level still fairly high (that is to say about December and 


January), and occurs in depths of from a few inches to at least 1 fathoms. 

It is with considerable hesitation that I describe this sponge as a species distinct 
from L. aquae-dul cions , but on the whole, to do so seems less liable to cause confusion, 
should my opinion be ultimately proved incorrect, Ilian to regaid the spongt. without 
experimental evidence, as merely a highly specialized phase of that >peties. The 
most important differences between the two forms are the following . — 

1. The spicule-fibres of L lacustris are longer branch more freely and maintain 
a horizontal direction for a greater part of their length than those of 


L. aquae-dul ci or is. , 

2. The spicules are even more variable in size but have spherical or slightly 
elliptical heads in a great proportion of instances; some ot them are 
always considerably larger than any of those of /.. aquue-dulcons 
j. The gemmules are piled together in I., lacustris, one on the top of another m 
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several layers, and are held in this position by vertical spicules which- 
transfix them. Lichenoid coherent masses of gemmules, which can be 
detached as a whole, are thus formed, instead of a single adherent layer as 
in L. aquae-dulcioris . 


In .general structure the two sponges resemble L. rugosus (Schmidt)', except that 
they are much less vigorous in their growth and that their main exhalent channels 
and the main component parts of their skeleton exhibit a greater tendency to be 
horizontal. The two facts are probably correlated. The spicules of both species 
differ from those of Schmidt’s in having the heads practically always differentiated, 
though often irregular. They are also more variable in size. In these respects 
they come nearer the, spicules of L. eclyoninus> Topsent, from which they differ in 
that by no means all of them are directed ‘ ‘ towards the periphery of the body ” 
(Topsent, op. cit ., p. 189, pi. vii, figs. 11, 12). As regards the form of the spicules 
both species agree closely with the variable Australian L. pro tens, Hentschel 1 , but 
from all varieties of this sponge they are separated by the structure of their skele¬ 
ton and the general smoothness of their surface. 

L. lacustris was always found on stones or rocks except in one instance in which it 
was on a dead bamboo. On rocks it grows on vertical faces and on the lower surfaces of 
overhanging projections; on stones it occupies the lower side only, unless the stone 
is protected by others above it. This seems to be not so much due to avoidance of 
light as to the fact that its comparatively flat surface renders it liable to be com¬ 


pletely smothered by the settling of silt if it spreads out in an exposed position. 
If sponges of the species are placed alive and surface uppermost in an aquarium full 
of lake-water they rapidly become covered with fine mud and debris, through which 
their oscular collars project upwards. The convexity of the roof of the superficial 
exhalent channels, combined doubtless with the steady movements of the water in 
the canals, keeps the roofs free of extraneous matter for some time and the plan of 
the canals is mapped out in a very conspicuous manner by clear hyaline streaks in 
the general area of mud; but the dermal pores are soon choked, and the sponge dies. 

Larvae were found in April ready to be liberated in the canals of sponges which 
also contained gemmules. Gemmules are produced at all times of the year but 
particularly at the approach of the hot weather. At this season most of the rocks 
on which the sponge flourishes are gradually exposed by the retreat of the water. 
As it dries up it naturally dies. Sponges that suffer thus before producing gem¬ 
mules as is not infrequently the case, cling tightly as dried skeletons to the stone, 

fi 61 ^ °IT a cu reS P ress ^d against their adherent basal membrane (pi. v, 
Jf‘J.’ .. U “° fibre3 P e ” ist in the gemmule-masses and the basal membrane has 
for? tbpv , lsapp ^ are e * ow them. When these masses are thoroughly dry, there- 
’ _ egin o cur up round the edges owing to the unequal contraction of the 

i I?" 1 ’ An . h \?° 01 ' eX ^ ritn G) V, p. 185. pi. v. fi RS . 1.4. 

<**•*>.^ ,L .Z SM "'' '“ s ' r " !,v, ‘ s "* **• 3 * 9, ** 
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component parts during desiccation, and are finally detached intact by the wind, 
which wafts them away and, sooner or later, drops them in many cases, on the 
surface of the water. There they float. We may imagine that a large number are 
carried by wind or water to quiet nooks among the rocks where they germinate when 
the floods return, while others are submerged by heavy rain. The majority of these are 
probably smothered in the mud at the bottom of the lake, tut some may fall on 
stony ground. The masses are rendered extremely light by the spaces between the 
different layers of horny substance on the surface of the gemmules ■, and probably 
some are transported for long distances. The whole mechanism of these structures 
affords a most interesting example of adaptation on the part of a sponge of recent 
marine origin, as L. lacustris undoubtedly is, to conditions that can rarely, if ever, 
occur in the sea. 

Smaller masses of gemmules of the same constitution as the large ones remain 
embedded in small cavities on the rock on which they were deposited, and their 
gemmules germinate in situ. This seems to occur mainly at the beginning of the 
salt-water season, that is to say in November and the beginning of December. At 
this time of the year I have found many young sponges at different stages of 
development. In gemmule-masses of the kind, as in the case of Spongilla alba 
(p. 31, antea), each mass of gemmules produces a single sponge with oue osculum. 
A number of small sponges often arise from different masses deposited close together 
on a rock or stone. They do not, however, fuse, when, in the course of growth, they 
come in contact, but remain distinct, apparently throughout life, although their 
margins are co-terminous. It is in this way that large areas are often covered with 
what appears at first sight, but not on careful inspection, to be a uniform layer of 
sponge. 

Another instance of adaptation to environment is probably to be found in the 
reproduction of this sponge, viz. in the large irregular cavity which occupies a con¬ 
siderable proportion of’the interior of the larva (fig. iia). Topseut discussing 
the structure of the larva in the different families of Halichondrine sponges, points 
out that a series of lacunae normally occurs in the primitive epiderm of the embryo 
and regards these as identical, not merely homologous, with the much larger siugle 
cavity found in the larva of Spongillidae. He does not, however, notice that in 
that larva the cavity is not only of much more regular form but is actually lined by 
a specialized membrane ’of which there is apparently no trace in marine types. 
I have commented elsewhere 4 on the essential resemblance of the Spongillid larva, 


Possibly the horuy coat of the gemmules of Suberitidae is always deposited iu layers; this is 
clearly the case iu Ficulitu (see Miss Sollai’s figure reproduced ou p. 330 of Vol I of the Cambridge 
Natural History). In most cases, however, it Is extremely thin, aud I can find no refereuce in literature 

to spaces between the layers. 

* Arch. Zool expirim. (5) VII, pp. xiii and xiv (1911). 

* Xhis is clearly shown in a figure recently published by Nbldeke. Hoot. Jahrb. (.1 H*d.) VIII, 
fig. 1 (* 9 r 3 )- 

* Journ. 4 s. Soc. Bengal (u. s.) IX, p. m (tyij). 
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in its nieclia.nism and functions, to that of Polyzoa Pliylactolaeniata and have 
suggested that in both cases the bladder-like body is an adaptation for life in fresh 
water. The fresher water is, the lower its specific gravity. The yolk contained in 
larvae that grow without feeding is heavy, and a body that has to progress through 
fresh water to obtain a situation suitable for subsequent changes is greatly hindered 
if it is much heavier than the medium through which it moves If it is hollow, and 
if the cavity is filled with water, as that of the larvae under consideration presum¬ 
ably is, the weight of the yolk is compensated for and the specific gravity of the 
moving body becomes practically identical with that of the surrounding medium. 
The cavity in the larva of L. lacnstris is not relatively so large as that in the larvae 
of Spongilla, Nudospongilla and Ephydatia, nor lias it the same specialized structure, 
but it is at any rate considerably more ample than in most marine types. Its size 
is, therefore, not improbably correlated with the fact that the larva lives in water 
of low salinity and consequently of low specific gravity. 

L. lacnstris is too thin a sponge to afford shelter to an}^ but very small animals. 
Nematode worms (Dorylaimus sp. 1 ) are, however, common in its canals; at least 
one minute species of tubicolous polychaete, probably a Capitellid, was found on 
one occasion, while another, tubicolous and plumigerous species is nearly always 
abundant. The rhizomes of the Hydrozoon Bimeria fluminalis and the Polyzoon 
Loxosomatoides laevis are also often found at the base of the sponge, sending up their 
branches or polyps through its substance to the surface. Famellibranch molluscs of 
the genus Modiola are sometimes overwhelmed in its growth. 


Grade TETRACTINELLIDA. 

Suborder SIGMATOPHORA. 


1869. 

1872. 

1887. 

1888. 
1891. 
1903- 


Family TETILLIDAE. 

Genus TETILLA, Schmidt. 

[Tetilla dactyloidea (Carter) J 
Tethya dactyloidea, Carter, Ann. Mag. Nat. Hist. (4) III, p.15, fig. 

>> >> id. , (4) IX, p. 82, pi. x, figs. 1-5. 

>> >> id., Journ. Linn. Soc. Zool (Fauna Mergui, I),p. 79. 

Tetilla ,, Sollas, f Challenger Rep., Zool. XXV, p. 1. 

>> ,, Keller, Zcitschr. wiss. Zool. LII, p. 335. 

” ” v - Lendenfeld, Das Tierrech, Tetraxonia, p. 18. 


Distribution: S. Arabia; Bombay; Mergui Archipelago, Burma {Carter). 

The typical form of T dactyloidea was not obtained in the Chilka Fake, but 
another, so near that I think it must be regarded as a variety, is represented in 
our collection by several specimens. For this form I propose the name lingua in 
reference to its peculiar shape. 


Stewart, Rec. Ind. Mus. X, p. 247. When Capt. Stewart’s paper was written L. lacnstris was 
not distinguished from L. aqtnicd id cions. 
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var. lingua, uov. 

(Plate v, fig. 4). 

The var. lingua differs from the forma typica of the species in the following 
characters :— 

1. The sponge is tongue-shaped and compressed instead of being sausage-shaped. 

2. The minute spherical spicules found by Keller in Carter’s specimens from 

Arabia (the types of the species) are absent. 

3. The basal tuft of spicules is much reduced, being visible to the naked eye 

merely as a slight shagginess. 

4* The single osculum at the central cavity of the sponge is even smaller, or 
perhaps capable of more complete contraction. 

5. The pores are apparently confined to the upper three quarters of the super¬ 
ficial area of the sponge. 

I have been able to compare our specimens with several of those from the 
Mergui Archipelago examined by Carter. As Sollas has pointed out, the latter do 
not altogether agree with the original specimens and I cannot find in them, any more 
than in the types of the new variety, the minute siliceous spheres found by Keller in 
Carter's Arabian examples. 

The sponges from the Chilka Lake agree well in general structure with those 
from Mergui, from which they differ notably in their compressed, tongue-like shape 
and in the still greater reduction of the basal tuft. The spicules, except that those 
of the basal tuft are of course much shorter, appear to be practically identical. 
The osculum is more completely closed and the central cavity into which it opens 
almost obliterated. The fact, however, that the external surface is thrown in the 
larger specimens into strong vertical folds in the anterior part of the body, and 
the manner in which these folds radiate from the osculum, would indicate that the 
sponges were killed in a highly contracted state. The shape of the posterior end is 
somewhat variable, this extremity being tapering and rounded in some sponges and 
obliquely truncate in others. In the latter there is no trace of external injury. The 
largest, which has this shape, is 58 mm. long and 22 mm. broad in the middle, where 
it is 10 mm. thick. This specimen is less compressed in the anterior region than 
the others. A photograph of it, with one of a smaller example from the same sta¬ 
tion, is reproduced on plate v, fig. 4. The colour of the sponge (in life and in spirit) 
is pale greenish grey. 

Specimens of T daclyloidea -var lingua were taken in the outer channel of the 
Chilka Lake in September, 191:4, at depths of about 2 fathoms. All were on a sandy 
bottom. The water at the time was fresh, but there can be little doubt that the 
sponge is also to be found at the same place when it is salt. It evidently lived in 
groups at more than one point. 

The species has always been taken in shallow water apparently anchored in sand 
by its basal tuft. The reduction of this tuft is probably correlated with the com¬ 
pressed form of the new variety, and both characters, as well as the position of the 
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pores, seem to indicate that it lives more deeply buried than the typical form. Its 
superficial resemblance to Sphenopus marsupium, an Actinian that lives buried in 
mud and is common off the mouths of the Ganges, is notewortlw and affords an inter¬ 
esting instance of convergence. Dendy ' has pointed out that T dacty 7 oidea is 
closely related to the species he described under the name T limicola , except in the 
important feature that in the latter “ the sponge is very compact throughout, and 
there are no wide tubes in it, the excurrent canals being very narrow and opening by 
numerous minute apertures in the floor of a somewhat flask-shaped cloacae with 
slit-like vents on the surface of the sponge. ” He rightly regards this feature as an 
adaptive one connected with the fact that the sponge lives in very fine soft mud in 
Lake Tamblegam, a comparatively small lagoon on the coast of Ceylon that closely 
resembles the Chilka Lake in many respects. So far as its compact structure and 
the absence of broad channels go, the Chilka sponge is very like the Tamblegam one, 
but the nature of its single exhalent aperture is totally different. Although it lives 
in sand, the water above it is always full of fine silt held in suspension. The case 
seems to be in some respects parallel to one I have recently discussed elsewhere, viz. 
that of Corvospongilla barroisi and Nudospongiila aster in the Lake of Tiberias. 4 
In both cases we find sponges structurally related and living in the same, or a very 
similar, environment, but adopting diametrically opposite means of protecting their 
water-system; in both cases the disadvantages of their environment are due to 
minutely separated mineral matter held in suspension in the water or settling on the 
surface of the sponge. 

1 “ Report on the Sponges ” in Herdman’s Ceylon Pearl Oyster Fisheries III, p. 94 (1905). 

2 Jotirn. Asiat. Soc. Bengal (n. s.) IX, p. 76 (1913). 



EXPLANATION OF PLATE III. 

Spongilla alba, Carter. 

A rock at the edge of the Chilka Lake partly covered by the sponge. 

The photograph was taken in November after the level of the lake had sunk about 5 feet, leaving 
the sponge dry. The rock was 2 ft. 11 in. in width and was covered with a somewhat sparse growth of 
filamentous alga. The sponge had grown over this alga on the lower part of the rock and the appa¬ 
rent branches on its surface were actually thin incrustations of the filaments. 
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EXPLANATION OF PLATE IV 
Figs, I, I a, 2. Spongilla alba , Carter. 

1 Ia . Fragments of the skeleton of a very hard specimen from a rock in the 
Chilka Lake, X 50. 

The preparations had'been cleaned and stained with pyrogallic acid to show the horny substance. 
Some of the single spicules forming the subsidiary skeleton may be noted in situ. 

2. Fragments of the skeleton of a very soft specimen from weeds in a pond 
on Barkuda Id., treated in the same way, x 50. 

Fig, 3. Spongilla nana, sp. nov. 

A complete sponge stained with borax carmine and mounted in Canada balsam, 
seen from below, x 15- 

c.c.—central cavity, s.c.—subdermal cavity, g.—gemmule. 

Figs. 4, 4a, Suberites sericeus , Thiele. 

4. Vertical section through the skeleton of a sponge in the more vigorous 
phase, x 15 . 

4 a. Fragments of the skeleton from the interior of the same sponge in the 
neighbourhood of an engulfed colony of the hydroid Bimeria fluminalis , more highly 
magnified. The preparation has been stained with pyrogallic acid. 

s.f.—vertical spicule-fibres oil the surface of the* sponge, i.c.—the position of one of the main 
horizontal canals, b.m.—horny basal membrane. 

Figs, 5, 6, 6 a. Laxosuberites aquae-dulcioris (Annandale). 

5. Type-specimen on an oyster-shell from Manikpatna in the outer channel of 
the Chilka Lake, x 2. 

6. A single branched spicule-fibre in lateral view, x 100. 

6 a. A fragment of the skeleton in the neighbourhood of a large vertical and a 
superficial horizontal canal, x 75. 

v.c.—position of vertical canal, h.c.—position of horizontal canal. 

Fig. 7. Cliona vastifica , Hancock. 

Part of an oyster-shell from the Manikpatna beds destroyed by the sponge, x 1. 









EXPLANATION OF PLATE V 
Fig, I. S-pongilla alba, Carter. 

A thick section through the base of a branch in the neighbourhood of an 
osculum, x io. 

The soft parts of the sponge have been entirely removed ; the filmy substance shown particularly in 
the lower lobes of the section is the subsidiary skeleton. 

Figs, 2, 3, 3a, Laxosuberites lacustris , sp. nov. 

2. Dried specimen on a stone, somewhat enlarged. 

3. Mass of gemmules removed from a rock by the wind, seen from above and 
considerably enlarged. 

3<r. Part of the same specimen, seen from below. 

Fig, 4. Tetilla dactyloidea (Carter) var. lingua , nov. 

Two of the type specimens, nat. size. 


The figures on this plate are reproductions of direct photographs. 
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ECHIUROIDEA. 

By N. Annandale and Stanley Kemp. 

The Gephyrea are represented in the fauna of the Chilka Take by a single Echiu- 
roid belonging to the genus Thalassema, Gaertner. The species, which appears to 
be undescribed, is of interest on account of its close relationship to T sabinum, 
Lanchester, from the Tale Sap in lower Siam (a lagoon that closely resembles the 
Chilka Lake in many respects) and of the fact that a third closely related species 
occurs in canals of brackish water on the outskirts of Calcutta. 

These three forms belong, in a sense, to the group typified by T neptuni , Gaert¬ 
ner (the type species of the genus) and characterized by the comparatively simple 
nature of the anal trees, by the possession of two pairs of nephridia and by the undi¬ 
vided sheath of longitudinal muscles. They have, however, certain very noteworthy 
peculiarities—especially in the structure of the proboscis—-that may ultimately be 
considered to be of generic, importance. The following key to the species of the 
neptuni group, to which we assign provisionally those described here, may be 
useful:— 

I. Proboscis long and slender, pointed or bifid at the tip, ex¬ 

tremely extensile, without dendritic or,finger-shaped out¬ 
growths. 

A. Proboscis when expanded much longer than body, 

pointed T neptuni, Gaertner. 

B. Proboscis when expanded not much longer than 

body, expanded and bifid at tip T setnoni, Fischer. 

II. Proboscis short and stout, truncate at tip, not very exten¬ 

sile, with dendritic or finger-shaped outgrowths. 

A. Proboscis tubular, (the lateral margins being fused 
together), and containing internal finger-shaped 

outgrowths T sabinum , Lanches- 

ter. 

B. Proboscis with the lateral margins not fused to¬ 
gether, though capable of close apposition, bear¬ 
ing dendritic marginal outgrowths. 

i. Dendritic outgrowths of proboscis small, 

less than half as long as it is wide T dendrorhynchus, sp. 


nov. 
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2 Dendritic outgrowths gill-like, nearly as 

long as the proboscis is wide T brancluorhynckus, 

° sp. nov. 

We have to thank Dr. A. E. Shipley and Mr. Forster Cooper for sending us the 
two typ e specimens of T sabinum for comparison with those of our new species. 

Genus THALASSEMA, Gaertner. 

1913. Thalassema, Wharton, Philippine Journ. Sci., VIII, p. 243. 

Thalassema dendrorhynchus, sp. nov. 

Like all Echiuroids this species is contractile ; but the body is much more so 
than the proboscis (though the latter is capable of undergoing considerable change of 
form) and neither region appears to be so extensile as in many other species. 




Fig. i .—Thalassema dendrorhynchus , sp. nov. (nat. size) ; la, ventral view of proboscis with lateral 
margins separated (x 2). 

Fig. 2 .—Thalassema branchiorhynchus, sp. nov. ( x 2). 

Our largest specimen (fig. 1), preserved fully expanded, is 120 mm. in total 
length, of which 18 mm. is occupied by the proboscis. The greatest breadth is 12 
mm., the point at which this measurement was taken being near the posterior ex¬ 
tremity. The animal is, however, able to contract its body 4t different points and the 
position of the greatest breadth differs from time to time. In our smallest specimen, 
preserved in a contracted condition, the length is 46 mm., of which about 8 mm. is 
occupied by the proboscis; the greatest breadth, situated near the centre of the 
body, being again about 12 mm. In general form this specimen may be described 
as sausage-shaped. 
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The proboscis, the length of which is thus about one-sixth or one-seventh that of 
the entire animal, is shovel-shaped ; the distal extremity is truncate and the lateral 
(ventral) margins are capable of being applied together in such a way as to form 
a cylindrical tube. When separated the space between them is narrowly V _ shaped. 
The dorsal surface is smooth or nearly so. There is no longitudinal ridge on the 
ventral surface and the ciliated groove is inconspicuous. A striking feature of the 
margins is that they are distinctly serrated, the serrations towards the proximal end 
gradually taking the form of dendritic outgrowths, which, however, are always shorter 
than half the width of the whole organ (fig. i a). 

In certain conditions of expansion the basal part of the proboscis has the ap¬ 
pearance of being annulated and the distal extremity is marked by short parallel 
longitudinal grooves. 

The body is covered with papillae which are most numerous towards the two 
extremities, where they tend to be arranged in concentric rings emphasized by corres¬ 
ponding circular folds in the integument. This is more marked in the posterior region, 
where the papillae are also larger, than in the anterior. There is a considerable area 
in the posterior half of the body where they are scattered and comparatively small. 
The ventral hooks are of a bright golden colour but in two of our specimens the tips 
appear to have been broken off. Even when complete they are small and only 
conspicuous on account of their colour. They are situated close together and their 
distance from the base of the proboscis is considerably shorter than its length. 
The exact point at which they occur is not, however, constant. 

The circum-anal region is devoid of papillae, but surrounded in a more or less 
definite manner by several congentric folds, the most conspicuous of which separates 
it from the densely papillate region immediately in front. As a whole it is conical, 
but the part actually bordering the anus can be thrust out to form a short tubular 
process. 

The longitudinal muscles form a continuous sheath. 

There are two pairs of uephridia, both of which open behind the level of the 
ventral hooks. The internal funnel of each is provided with a pair of very long, 
fine, spirally-twisted filaments which arise at either side of its orifice. The vesicle 
is narrow and finger-shaped, tapering to a blunt apex which points inwards. 

The anal trees are short and simple, nearly half the length of the body in a 
contracted specimen. They have a slight brownish tinge and the walls are very 
thin; the distal part is narrowly cylindrical, but the apex is blunt; the basal or 
proximal part is somewhat swollen, but there is no definite vesicle. No funnels are 
visible with the aid of a hand-lens and there are no muscular strands attaching the 
organs to the body-wall. Examined under the microscope, each tree is seen to possess 
two longitudinal rows of minute ciliated funnels, the mouth of which does not exceed 
0 047 mm - i n breadth, while the length is not greater than 0168 mm. The two 
trees open separately into the intestine close to the anus. 

The alimentary canal is extremely long and intricately but irregularly coiled. 
Its calibre is small at all points and the walls are thin and transparent. For a 
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considerable part of its length it is closely packed with small oval pellets of mud. 
The canal is joined to the body-wall by numerous slender muscular strands which 
are very easily detached. 

The natural colouration is much less conspicuous than in some species of the 
genus. The body-wall is translucent in life with a pale vinous tinge; but the mud 
in the alimentary canal makes it seem much darker, sometimes nearly black. 
The circum-anal region is dead white, the proboscis cream-coloured, with the free 
edges and the dendritic outgrowths tinged with brown. There are several opaque 
longitudinal streaks on the body which simulate muscle-bands. Specimens become 
opaque in spirit and lose their colour completely. 

Apart from the Gangetic species (which we describe as T branchiorhynchus) 
T dendrorhynchus is most nearly related to T sabinum, Fanchester. 1 The only pub¬ 
lished description of the latter is very incomplete; but, as has already been stated, 
we have been able to examine the type-specimens. The most important diagnostic 
character is the fact that the lateral margins of the proboscis are fused, so that the 
organ is tubular. Comparatively long finger-shaped processes arise from its internal 
surface and protrude at the opening of the tube. Otherwise, except for its small 
size and comparatively smooth external surface, the species closely resembles 
T dendrorhynchus. 

Fischer’s description of T semoni , 1 which was based on specimens that had 
lost their proboscis, shows that the internal anatomy is similar in most respects to 
that of the Chilka species; but Shipley’s figure of a living individual 4 proves that 
a wide difference exists in the structure of the missing organ. Wharton, in the 
paper cited above, has recently redescribed T semoni , which .is an Indo-Pacific form. 

So far as published figures of the entire animal are concerned, T dendrorhynchus 
most closely resembles T kokotoniense , Fischer/ another form widely distributed in 
the Indo-Pacific region, but in the latter species the longitudinal muscles are divided 
into bands and the body-wall is apparently much stouter. 

Specimens from the Chilka Fake were very sluggish when removed from the 
mud in which they were taken. The only movements exhibited were quite unrhythmic 
contractions, both transverse and longitudinal, of the body-wall and proboscis; 
the latter showed no signs of great extensibility or of readiness to break off, and its 
movements did not suggest that it was employed in burrowing. 

A female killed in February contained immature ova. 

We found only three specimens of T dendrorhynchus , all in the southern part of 
the main area of the Chilka Fake. They were living, probably rather deeply buried, 

1 Proc. Zool. Soc. London , 1905 (I), p. 40, pi. ii, fig. 5. 

2 In Semon’s Zool. Forsch. Auslralien, V, p. 338, fig. 4 (1896). 

In Gaidiner s Faun. Geogr. Maldives and Laccadives I, p. 129, pi. vi, fig. 4 (1903). 

4 See Shipley in Willey's Zool. Res. New Britain and New Guinea, p. 337, pi. xxxiii, fig. 3 
(1898-1902). F J 
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in dense mud. The largest of the three was brought up on the anchor of the launch 
between Barkuda Id. and the mainland ill April; the other two were taken out in 
the lake between Barkuda and Chiriya Ids. in February ; the specific gravity of the 
water varying from i 006 on the former occasion to 1 009 o 1 the latter. The species 
is doubtless a permanent inhabitant of the southern part of the lake and must at 
times be brought in contact with water that is almost fresh. The habits of the species 
render it unlikely to be captured except occasionally and we have no means of 
ascertaining whether it is actually scarce. 

Our specimens of T dendrorhynchus, the types of the species, are numbered 
Z.K.V 6800-6803/7 in the register of the Indian Museum collection. 

Thalassema branchiorhynchus, sp. nov. 

This species (fig. 2, p. 58) is closely related to T dendrorhynchus , but differs in 
the following characters:— 

(r) The proboscis is relatively longer and more slender, its length when fully 
expanded being more than one-third that of the body. 

(2) The dendritic outgrowths of its margin are much more highly developed, 
having a gill-like appearance (fig. 3) and being of a blood-red colour 
in life ; they are confined to the proximal third of the margin, the distal 
part of which is quite smooth. 

(3, There is a conspicuous longitudinal ridge (in place of the ordinary ciliated 
groove) on the proximal part of the ventral surface of the proboscis be¬ 
tween the two rows of dendritic outgrowths. These it resembles in colour. 

(4) The external (dorsal) surface of the proboscis is minutely tubercular instead 

of being smooth. 

(5) The integument of the body remains translucent even in spirit, the 

nerve cord being visible externally as an opaque white line. 

(6) The surface papillae of the body are less prominent than in T dendrorhyn¬ 

chus ; they are, as a rule, distinctly of two kinds, large and small, the 
large papillae being most numerous towards the two extremities. Near 
the posterior end they are conical and show some tendency to be 
arranged in transverse rings. There is, however, no smooth circum-anal 
region. 

The length of the body in the type-specimen (fully expanded) is about 32 mm. 
and the greatest breadth about 7 mm.; the length of the proboscis nearly 15 mm. 

In the living animal the whole body was of a deep reddish vinous tint, trans¬ 
lucent, but not markedly so. The posterior extremity was somewhat paler than the 
remainder and the colour seemed to be due mainly to the fluid of the body-cavity. 
The proboscis was purplish pink, contrasting notably with the bright red colour of its 
dendritic outgrowths and the ridge on the ventral surface. The hooks were golden 
yellow tipped with black. 

The internal structure of this species agrees closely with that of T dendrorhyn- 
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chus the only differences detected being that the processes of the nephridial funnels 
were'less distinctly coiled and the anal trees possibly longer. In the fully expanded, 
soeeimen the latter are about half as long as the body but it was not.ced m the 
living animal that their relative length varied with the state of general expansion and 
that they were not so extensile as the body as a whole. The arrangement and form of 
the minute funnels on the trees seem to be identical in the two species. 


Our specimen from the Gangetic delta was active. When placed in a dish of mud 
and water the animal formed for itself, by irregular movements of the body and probos¬ 
cis a shallow groove on the surface of the mud. It made no attempt to burrow down¬ 
wards but lay on one side in this groove. When first removed from the water it 
writhed vigorously and changed its shape rapidly in diverse regions, sometimes 
extending itself to a considerable length and assuming a worm-like form, sometimes 



Fig. 3 .—Thalassema branchiorlvynchus , sp. nov. 

GilMike outgrowth from base of proboscis, seen from ventral surface, x 30. 
c = lumen of base of outgrowth, which is cut off a little obliquely ; m = muscles entering base. 


expanding the extremities or other parts of the body into bulbous or annular swell¬ 
ings. When it was replaced in its natural element these movements continued for a 
short time, but soon became less vigorous, though without ceasing completely. The 
natural attitude of the proboscis appeared to be liexed backwards, so that its dorsal 
surface was in contact with that of the body. The distal parts of the lateral borders 
were applied together so as to form a complete tube ; but the proximal parts were 
everted (fig. 2, p. 58), the dendritic outgrowths being thus displayed. They were some¬ 
what contractile and, when fully extended and spread out, formed a double series of 
short feathery tentacles. The whole proboscis was, however, sometimes twisted spir¬ 
ally, as is shown in the figure. 

The only known specimen of T branchiorhynchus was taken in about 3 feet of 
water in a small tidal creek connected with a canal near Chingrighatta on the out¬ 
skirts of Calcutta in December, 1914. The specific gravity of the water was then 
i-oo6. 
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We have failed to obtain further specimens, but this does not necessarily mean 
that the species is scarce, for, from the point of view of the collector, the Oangetic 
mud is very difficult to deal with in a satisfactory manner. 

The specimen bears the number Z.E.V 6807/7 in the Indian Museum books. 

T dendrorhynchus, the Gangetic species, and T sabinum —despite the specific 
name of the last—all live in peculiarly dense mud, and we believe that the unusual 
structure of the proboscis in the three species is correlated with this fact. It is 
noteworthy that the gill-like outgrowths are better developed in the species from the 
Gangetic delta than in that from the Chilka Lake, for the mud of the former region 
is extremely fine and therefore forms a peculiarly dense and sticky mass. 

In most species of Thalasserria the proboscis seems to be the most active agent in 
burrowing or in insinuating the body into crevices, but apparently this is not the case 
in the three mud-living species just discussed. In these species the excavations are 
formed by movements of both the body and the proboscis, and the latter has prob¬ 
ably a respiratory as well as a muscular and a nutritive function, for the dendritic 
outgrowths of its margins or ventral surface have much the appearance and structure 
of gills and are situated in such a position that all water which enters the mouth 
must first pass over them. Externally, in T dendrorhynchus and T branchio- 
rhynchus, they are covered with ciliated epithelium; they contain spacious lumina 
that communicate with the body-cavity by means of a longitudinal canal at their 
base. The other parts of the proboscis are highly muscular, the bulk of the organ 
consisting of a gelatinous substance that contains numerous bundles of longitudinal 
muscle-fibres. In T dendrorhynchus these are most numerous towards the ventral 
surface, from which they proceed outwards, in transverse section, in somewhat ir¬ 
regular bands that become gradually attenuated. Single transverse fibres run in the 
opposite direction among the bundles and shorter fasciae also occur in the ventro¬ 
dorsal axis between the bands. Immediately below the ectoderm on both ventral 
and dorsal surface, there is a relatively broad horizontal muscle running across the 
proboscis. 
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COELENTERATES. 

By N. Annandaee. 

As will be seen from the list on p. 69, we obtained specimens of sixteen species 
of coelenterates in the Chilka Lake, viz. six Actinozoa, one Scyphomedusa and nine 
Hydrozoa. Five of the Actinozoa are Actiniaria and one an Alcyonarian; the 
Scyphomedusa belongs to the order Rhizostomata ; one. of the Hydrozoa is a Narco¬ 
medusa and one a Siphonophoran, while the remainder are true hydroids or hydro¬ 
medusae, including four Calyptoblastea and three Gymnoblastea. Of the Calypto- 
blastea it is possible that a hydroid and a medusa actually represent the different 
generations of a single true species. 

Of the Alcyonarian (a species of Virgularia probably not yet named) I propose 
to say no more at present than that it also occurs in the Gangetic estuaries. Our 
specimens are in the hands of a specialist, who will doubtless describe them in due 
course. 

The Actiniaria are perhaps the most interesting group represented, for not only 
do they include species of the primitive genera Edwardsia and Halianthus , neither of 
which appears to have been found hitherto in the Indian Ocean, but they also 
include two species of Metridiine Sargatiidae that are here described as the types of 
new genwra. These genera are apparently specialized for different phases of life in 
conditions such as occur in the Chilka Lake and in the Gangetic delta. Notwith¬ 
standing their high degree of apparent secondary specialization, it is possible that 
the type-species of one of them is in reality no more than a permanent post-larval form 
of Metridium schillerianum, long known from the estuarine tracts of the Ganges. 
All the species of Actiniaria found in the Chilka Lake occur in its main area, in 
which it is evident that they are permanent residents. Most of them, if not all, 
are, however, to some extent affected by the seasonal irruption of fresh water and 
probably only a few individuals of each survive annually to perpetuate their kind. 

The only Scyphomedusa we obtained is also a permanent inhabitant of the main 
area of the lake, in which we have evidence that it breeds regularly, though it 
occurs also in the Bay of Bengal. A fortunate accident made it possible to study 
the direct effect of fresh water on the general physiology and the structure of this 
species, not only in the Chilka Lake but more particularly in the Ennur backwater 
near Madras. 

The Coelenterata of the lake fall into three classes biologically: (1) casual visitors 
from the sea; (2) periodic immigrants from the Bay of Bengal; and (3) permanent 
inhabitants of brackish water or of water subject to great changes in salinity. The 
first group consists of a few surface or midwater forms of which individuals are 



53 Memoirs of the Indian Museum. |Vol. V 

occasionally carried into the outer channel, and of at least one hydroid washed into 
the main area on drifting weed. To the second category belong several hydroids 
that are able to establish themselves in the salt-water season in the outer channel 
but perish in the summer floods; while to the third must be assigned .all the 
Actiniaria, the one Alcyonarian, the one Scyphomedusa and at least two hydroids. 
The number of species that may be tabulated under each of the three headings is ’as 
follows:— 

Casual visitors . . 4 

Periodic immigrants .. 3 

Permanent inhabitants . 9 

Total . 16 

The casual visitors include one Narcomedusa, one Siphonophoran and two 
Calyptoblastic Hydrozoa, one of which is represented by the medusoid generation 
only; the periodic immigrants consists of one Gymnoblastic and one Calyptoblastic 
hydroid, with a medusa that may be no more than the fertile generation of the 
latter; while as permanent residents may be classed five Actiniaria, one Alcyonarian, 
one Scyphomedusa and two Gymnoblastic hydroids. 

ACTINIARIA. 

(Plate vi (in part), plates vii, viia). 

The Actiniaria of the Chilka Lake belong to three families, five genera and five 
species. The three families are the Actiniidae, the Sagartiidae and the Edwafdsiidae. 
The first is represented by a single new species of the genus Gyro stoma, the second 
by two species each of which is placed in a new genus, and the last by new species of 
Halianthus and Edwardsia. With one exception (that of a Sagartiid previously 
found in the Gangetic delta) all the species are here described or named for the first 
time—a fact that is not surprising in view of our present ignorance of the actiman 
fauna of the Bay of Bengal 1 and of the estuaries and lagoons connected therewith. 

From a geographical point of view the most interesting feature of the Chilka 
species is the occurrence among them of Edwardsia and Halianthus , genera known 
from both northern and southern regions but apparently represented but poorly in 
the Tropics. 

Biologically the most important forms are those here accepted as the types of 
new genera of Sagartiidae. Their significance is discussed at some length on pp. 72-76, 
postea. The apparent effect of the irruption of fresh water into the lake on the 
species of Halianthus is another interesting feature of the fauna (see p. 91), and may 

The only papers on the sea*anemones of the Bay of Bengal that I can trace are those by Alcock in 
the Journal of the Asiatic Society of Bengal (vol. LXII, part 2, pp. 151 and 169: 1893), and by Haddon 

in the Journal of the Linnean Society (Zool., vol. XXI, p. 247: 1888). These papers deal with a few 
species only. 
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ANTHOZOA. 
Act in tar la. 

Actiniidae. 

Gyrosioma glaucum • 

Sagartiidae. 

Phytocoeies chilkaeus • 
Pelocoetes exul 

Edwardsiidae. 

Halt ant hus litnnicola* 
Edwardsia tinctrix* 

Alcyonaria. 

Virgulariidae 

Virgularia sp. 


m.a. o.ch . 


X X 
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SCYPHOMEDUSAH. 

Rhizostomata. 

Rhizostomata Triptera. 

Acromitus rabanchaiu .. X 

HYDROZOA. 

Narcomedusae. 

Aeginidae. 

Solmundella bitcntaculata .. 

Siphonophora 

Diphyidae. 

Diphyes bojatti 

Calyptoblastea. 

Campanulinidae. 

Campantdina ceyloncttsis .. 

Campanulariidae. 

Obelia spinulosa .. X 

Clytia scrrulata 
Phialidiutn cruci/enim* .. 

Gymnoblastea. 

Bougainvilliidae. 

Bimeria fluminalis x 

Corynidae. 

Dicyclocoryne filamentata .. X 

Hydractiuiidae. 

Clavadinia gallcnsis 


X Bay of Bengal (marine). j 000 - 1 02575 


Practically cosmopolitan (tnanne). 

1 02s;5 

Indian and Pacific Oceans {marine). 

i 0:575 

Buy of Bengal; G. ol Manaar; 
Gangetic delta (salt and brackish 
water) 

1 02575 

N. S. Wales; Java: Andamans 

1 02575 

(rrhiriV). 

N. S. Wales (manne). 

Perhaps the medusa ol ( . scrrulata 

1.1, 

1 02575 

Gungetic delta (brackish water). 

* OOO—l OJ575 

Gangetic delta (brackish water). 

irt. 10150 

G. of Munaur (marine). 

t 02575 
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be compared with that noted in greater detail in the case of the medusa AcromUus 
rlbandfatu (seep, ioi); generally speaking, this change in environment seems m both 
cases to induce a period of physiological quiescence accompanied by a shrinkage of 
the mesogloea and is probably fatal to a large number of individuals, though not to 

With my account of the Chilka species I have included a description of a new 
Gangetic anemone co-generic with one of the former, and also some notes on another 
Gangetic species that has long been known but is of particular interest in reference 
to the question of the origin of the fauna of brackish water. These Gangetic species 
are Phytocoetes gangeticus , sp. nov. and Metridium schillerianum (Stoliczka). 


Family ACTINIIDAE. 

Genus Gyrostoma, Kwietniewski. 

1900. Gyrostoma, Carlgren, Mitt. Naturh. Mus. Hamburg , XVII, p. 55. 
jgos. ,, McMurrich, Zool. Jahrb., Suppl. VI (hi), p- 226. 

The only representatives of the Actiniidae found in the Chilka Fake belongs 
to the genus Gyrostoma as redefined by the authors cited. The genus is represented 
in all the warmer seas and species have been described from East Africa, South 
Australia, Torres Straits and the West Indies. 


Gyrostoma glaucum, sp. nov. 

(Plate vii a, fig. 1.) 

In life the animal is of an almost uniform glaucous green colour, but in some 
individuals there are darker V _s h a ped cross-bars on the upper surface of the tenta¬ 
cles. The column is slender and more or less vase-shaped, much longer than broad 
when fully extended. The external surface is smooth to the naked eye, except when 
the circular muscle is strongly contracted, but is covered with scattered microscopic 
prominences provided with nematocysts. The contracted muscles are visible as 
distinct annuli which, in preserved specimens, are more opaque than the expanded 
parts of the column. 

The oral disk is rather narrow, circular in outline, flat but ridged and grooved 
radially. The mouth, which is provided with not very prominent lips, is almost 
linear and occupies about two-thirds of the circle in its longer axis. The tentacles 
are moderately long and slender; when fully expanded they are pointed, but even a 
slight contraction produces a faint ovoid swelling of the tips due to a greater thick¬ 
ness of the wall (mainly the ectoderm) in this region. The outer circle consists of 
about 24 tentacles distinctly longer and stouter than any of the others Within 
this circle there are four others, but neither the number nor the arrangement is at all 
regular. Some of the tentacles of the innermost circle, though smaller than the 

outermost ones, are larger than the majority. These are often thrust into the 
mouth. 

The basal disk, though small and not extending beyond the margin of the column. 
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is thick and muscular. It is capable to some extent of retraction, the margin of the 

retracted portion being angular in vertical section. There is a minute central aboral 
pore. 

There are twelve complete and thirty-six incomplete mesenteries, the latter 
being situated in the intermesenterial spaces only, six in each. The two central 
incomplete mesenteries in each space are fertile. The longitudinal muscles are very 
feebly developed and in strictly horizontal sections the width of the mesenteries is 
almost uniform throughout, the folds at the base on both sides in particular being 
diffuse and poorly developed. The two pairs of directive mesenteries are very short 
The stomodaeum is ample and extends much more than half way down the 
column in a state of expansion. 



A. Transverse section through the column in the lower part of the stomodaeum. 

B. Vertical section of the lower part of the sphincter. 

c.m. = circular muscle: ec. = ectoderm : cn.—e ndoderm : g. = gonad: m. = mesogloea : /.= tentacles 

thrust into mouth. 

The column-wall is thin, the mesogloea in particular being scanty. The circular 
muscles lie at the base of the endoderm and are not very highly developed. The 
sphincter is little if at all differentiated from any other part of the sheath in a state 
of contraction. When the tentacles are fully everted there is, indeed, a region just 
below the disk in which its folds are a little stronger than in the region immediately 
succeeding it; but similar folds may also be observed in the aboral half of the 
column. These features are indicated by increased opacity and stronger annulation 
of the body-wall (pi. vii a, fig. i). 

The length of the column of our largest specimen was, fully expanded, io mm.; 
that of the other adults about half as much. 

Type. No. Z.E-V 6825/7, Ind. Mus. 
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In this brief description I have not attempted mote than to give a concise state¬ 
ment of the characters that seem to be of specific nnportanee. Only five adult 
specimens are available for examination and, so far as I can judge from the species 
of other families that I have examined in much larger numbers, the so-called anato¬ 
mical characters of the Actiniaria are liable not only to great individual variation 
but also to much momentary change in correlation with expansion and contraction 
of the muscles and mesogloea, apart altogether from the fact that distortion is almost 

inevitably produced in the course of preservation. 

In external appearance Gyrostoma glaucum bears some resemblance to von 
Ehrenberg’s figure of Entacmaea olivacea i (Paycictis olivacea , Klunzinger), but 
differs therefrom in the greater relative length of its outer tentacles. 

G. glaucum has been taken as yet only in the Chi Ik a Eake, in which it appears to 
be very scarce. It occurs both in the main area and in the outer channel. A single 
specimen was taken near the mouth of Rambha Bay in February, at a depth of 
between 5 and 7 feet and in water of a sp. gr. of 1*0075, while four others of much 


smaller size were obtained in the channel between Satpara and Mahosa in March, 
from about the same depth and in water of sp. gr. 1*02575* Three others 2 of still 
smaller size and evidently immature were found in the oyster-beds at Manikpatna 
in the same month. 


Family SAGARTIIDAE* 

Subfamily METRIDIINAE. 

In discussing the species of this subfamily found in the Gangetic delta inex¬ 
perience led me in 1907 into a taxonomic error, but this error, having some biological 
justification, has proved not unprofitable in considering the actinians of the Chilka 
Lake. In 1907 s I ascribed three forms from Port Canning to the genus Metridium 
and to the species described by Stoliczka* in 1868 and 1869 as Sagartia schilleriana. 
One of these, there is no doubt, was identical with that species, of which my speci¬ 
mens were topotypes in the strictest sense of the term and of which the actual types 
are still available for comparison in Calcutta; another I described as a variety ( exul), 
while the third I regarded as the young of the second. These three forms are here 
placed in three distinct genera, of which two are described as new, while Stoliczka’s 
species is left in Metridium. 

As the two new genera are both represented in the Chilka Lake, it will be 
convenient to discuss here the relationships of one to the other and of both to Metri¬ 
dium. Differences may first be noted. The species of Metridium are all anemones 
with a well-developed basal disk by means of which they cling firmly to solid objects. 

See Zoologiea 11, Phytozoa, pi. viii. fig. vi, in Synibolicae Physicae, edited by O. Carlgren (1899) 
and Klunzinger s Korallthiere des Rothen Meeres x, p. 70, pi. v, fig. 7, pi. viii, fig. 8 (1877). 

These had only 24 tentacles arranged in two circles, an outer circle of 8 and an inner one of 16; 
the latter was, however, incompletely differentiated into two subsidiary circles. 

3 Rec. Ind. Mus. I, p. 35. 

4 Proc. Asiat.Soc. Bengal, 1868, pp. 174, 263, and Journ. Asiat. Soc. Bengal, XXXVIII (2), p. 31 (1869). 
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Their body-wall is thin and not particularly muscular; they have twelve complete 
mesenteries, an ample oral disk and a large number of slender tentacles arranged in 
several or many cycles. For the two new genera I propose the names Pelocoetes and 
Phytocoetes. The former, as its name indicates, is a dweller in mud, while the latter 
lives, free or lightly attached, among weeds, in sponges or in holes in logs of wood. 
The generic peculiarities of Pelocoetes are so marked that at first sight it might be 
placed in a different family from Metridium. It is a typical burrower with an elongated 
vermiform body, and a muscular though by no means thick body-wall. Its oral 
disk is highly specialized, the arrangement of its tentacles peculiar. Phytocoetes has 
an elongated, but not a vermiform column. Its oral disk remains normal, but the 
number of its tentacles, which exhibit no marked peculiarity in arrangement, is 
somewhat reduced. In both genera little practical use is made of the aboral disk, 
but it has not entirely disappeared and is to some extent functional. In both 
genera, notwithstanding this fact, the lower extremity of the column bears, both 
functionally and structurally, a remarkable resemblance to the physa of such types 
as Edwardsia and Cerianthus that totally lack an aboral disk. 

If this were all that could be said about the three genera it would appear that 
they were very distinct, and that Pelocoetes and Phytocoetes differed considerably, one 
from another and both from Metridium. But an examination of the anatomy and 
even of the external characters reveals very striking resemblances, and, although there 
would be no difficulty in distributing a set of living anemones into their respective 
genera, there is often a very real difficulty in sorting out specimens preserved in 
alcohol. The colouration of the known species is identical or almost so; all have 
the same translucent watery appearance, the same absence of intrinsic pigment; 1 
the arrangement of the mesenteries is the same, except that the cycles of incomplete 
septa differ in number, while the musculature of the body-wall is very similar ; the 
structure of the gonads, of the muscle-banners and of the individual tentacles appears 
to be practically identical. 

The fact that these three genera live together in circumstances very unfavour¬ 
able to their group as a whole (viz. in estuaries, creeks, pools and lakes in which the 
water is much fresher than normal sea-water and subject, moreover, to great and 
even sudden changes in salinity ; in which the bottom is composed of soft mud; in 
which rocks covered at all seasons and even stiff water-weeds are practically absent) 
must not be forgotten in considering their relationships. 

Metridium schillerianum, the species originally described from the Gangetic 
delta, maintains itself by clinging tightly to floating logs, which are by no means 
common in the Gangetic delta, and to posts fixed on the edge of canals and creeks. 
It is a normal member of its genus, which is probably cosmopolitan in distribution 
and essentially marine. Of the three genera, Metridium is certainly the most primi¬ 
tive and, indeed, may be the ancestral form of the other two, both of which are 


1 The colouration of all these brackish-water species appears to be due to the presence of Zoo- 
cblorellae and of a minute purple alga in the endoderm. 
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evidently adapted in structure for life in different phases of the same environment. 
The peculiarities of M. schillerianum are mainly physiological; to these are added, in 
the case of Pelocoetes and Phytocoetes, special structural characters. 

In 1907 {op. cit.) I expressed the opinion, somewhat tentatively, that the type 
now called Pelocoetes was a variety, local race, or possibly an unfixed phase of 
Metridium schillerianum produced by isolation, and that the form here recognized as 
a distinct genus under the name Phytocoetes was merely the young of Pelocoetes. 
This view ignored, perhaps rightly, the fact that many individuals of the Phytocoetes 
type are sexually mature. In any case it is rendered untenable in its entirety by the 
discovery in the Chilka Lake of anemones of both the Pelocoetes and the Phytocoetes 
types. Stress must be laid, nevertheless, on the resemblance between the latter 
type and the young of the Sagartiidae. In Sagartia troglodytes 1 the young, at any 
rate in some cases, is born as a small actinian differing from its parents mainly in the 
smaller number of its tentacles and mesenteries, in the poorly developed condition 
of its basal disk, in the tendency displayed by its column to assume at one time a 
spherical or subspherical, at another an elongated shape, and in its much more mobile 
habits. These are precisely the differences between Phytocoetes and Metridium. 
Some years ago I obtained the young of M. schillerianum from individuals taken 
from a post in the Mutlah estuary, and kept them in an aquarium full of water from 
one of the brackish pools at Port Canning. The adults of this species are almost 
invariably found in hollows on a rough surface ( e.g. in the empty shells of Balanus or 
among masses of worm-tubes), but the walls and bottom of my aquarium were quite 
smooth. The young anemones closely resembled those of 5 . troglodytes and were 
apparently devoid of a columnar collar; they lived for some months and increased 
considerably in size, without losing their juvenile form. Unfortunately, during 
my absence from India, the aquarium was allowed to dry up and they perished 
before a detailed examination could be made. All that can be said about them 
therefore is that they continued for some months to resemble both Phytocoetes and 
the young of Sargartia in outward appearance. 

The species of Phytocoetes found in the Chilka Lake is distinct from that origin¬ 
ally obtained at Port Canning and since taken in the immediate neighbourhood of 
Calcutta. I have given the latter the name of P. gangeticus and the former that of 
P. chilkaeus. 

Although on taxonomic grounds I now propose to regard Phytocoetes as distinct 
generically from Metridium, the facts of the case, regarded from a biological point 
of view, seem to point to the probability of the former being no more than a perma¬ 
nent or quasi-permanent larval (or rather post-larval) phase of the latter. In other 
words, it seems likely that Phytocoetes gangeticus bears to Metridium schillerianum 
much the same relationship as the axolotl does to Amblystoma tigrinum. P. chil¬ 
kaeus may either be related in the same way to an unknown species of Metridium 
or be a direct descendant of either M schillerianum or P. gangeticus in which evolu- 

Ashworth and Annandale, Proc. Roy. Soc., Edinburgh, XXXV, p. 4 (1904). 
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tion has produced definite structural changes: the former view seems to me the 
more probable. 

At Port Canning and in the Chilka Lake examples of both Pclocoetes and 
Phytocoetes may be found within a radius of a few yards. In both localities the 
Pelocoetes will be deeply buried, at least up to the base of its oral disk, in dense mud. 
At Port Canning P. gangeticus is most abundant in the canals of the sponge Spongilla 
alba and in hollows on its surface, but is also found in abandoned burrows of Teredo 
in the few wooden posts that exist in the pools, and occasionally quite free among 
filamentous algae; in other parts of the Gangetic delta it occurs, often half-buried in 
mud, on the roots of reeds. At Rambha P. chilkaens occurs mainly among algae, 
but there are neither Spongillidae nor worm-bored posts in those parts of the lake 
in which it has been found. 

It is thus evident that while Phytocoetes has to some extent the habits of a young 
Sagartiid, Pelocoetes has adopted a mode of life differing from that of any phase of 
Metridium, indeed of any other allied form. All its generic peculiarities—its vermi¬ 
form body, its reduced disk, even its incapacity to withdraw its tentacles—are 
correlated with this mode of life, but apart from these features it retains the 
structure of a Metridiine Sargartiid, and its basal disk is still functional, for if a 
living individual is examined immediately after being dug out from the mud it 
will be seen in most instances that the disk, small as it is, adheres to a particle of 
shell or some other hard body. Although, therefore, the type must be regarded as 
quite distinct from Metridium and Phytocoetes , I still believe that it is genetically 
related to Metridium schillerianum , from which it has been evolved directly, most 
probably in the Gangetic delta. Whether its evolution is due to natural selection 
(i.e. to the survival of individuals that exhibited a slight tendency to burrow, and 
of their offspring) or to mutation {i.e. the sudden appearance of a burrowing 
strain in the species) there is no evidence to prove; the fact that Phytocoetes is 
intermediate in structure between the two extreme types might seem to support the 
natural selection theory, but there is as a matter of fact nothing definite to show that 
the two new genera do not represent different offshoots from the main stem of 
Metridium ; and if Phytocoetes is a permanent larval form it is difficult to imagine 
it as an actual step in the ladder of evolution. 

My present views on these Metridiinae of Indian estuaries and lagoons, therefore, 
may be summarized as follows:— 

(1) Stoliczka’s Sagartia schilleriana is a Metridium. 

(2) The form I described in 1907 as a variety of M. schillerianum under the 

name exul is a distinct species and represents a new generic type, for 

which the name Pelocoetes is proposed. 

(3) What I took for the young of this form represents a second new generic 

type, for which I now suggest the name Phytocoetes. 

(4) Phytocoetes is probably a permanent or quasi-permanent post-larval form 

of Metridium. 

(5) Pelocoetes is probably related genetically to Metridium schillerianum, but 
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has become structurally adapted, without losing certain essentially 
Metridiine characters, to life as a burrower in mud. 

(6) The species of Phytocoetes found in the Chilka Lake is distinct from that 

found at Port Canning, while the Pelocoetes is specifically identical in 
the two localities. 

(7) Metridium schillerianum does not occur in the Chilka Lake. 

The following key to the species of Metridiinae that occur in brackish water in 
India may be useful to naturalists in this country:— 

1. Basal disk large and strongly adherent; column in nor¬ 

mal state no longer than wide. 

Tentacles about 168, arranged round the disk in 5 

circles Metridium schillerianum. 

2. Basal disk reduced, feebly adherent; column elongated. 

A. Tentacles arranged in one circle of 12 and in 12 

groups of 5 to 9 each, 72 to 120 in all Pelocoetes exul. 

B. Tentacles less than 60, arranged in uninterrupted 

circles. 

i. Tentacles 21-24 ; anterior sphincter well 
differentiated, visible on the surface as a 

prominent ring Phytocoetes chilkaeus. 

ii. Tentacles about 36; anterior sphincter prac¬ 
tically absent, not visible on the surface Phytocoetes gangeticus. 

Genus Metridium, Oken. 

1905. Metridium, McMurrich, Zool. Jarhb., Suppl. VI, (III), p. 276. 

Metridium schillerianum (Stoliczka). 

(Plate vii, fig. 1.) 

1868. Sagartia schilleriana , Stoliczka, Proc. As. Soc. Bengal, pp. 174,263. 

1869. Sagartia schilleriana, id., Journ. As. Soc. Bengal XXXVIII (2), p. 31, 

pis. x, xi. 

1882. Sagartia schilleriana, Hertwig, “ Challenger ” Rep. Zool. VI, Actiniaria, 
p. 71. 

1907. Metridium schillerianum (typical form), Annandale, Rec. Ind. Mus. I, 
p. 45, pi. iii, figs. 1, 2, 5. 

My description of “the typical form ’’ of this species (1907) should render the 
identification of specimens a comparatively easy matter, but there are one or two 
points both in its anatomy and its ecology on which further notes may be useful. 

Strictly speaking it is perhaps incorrect to talk of the existence of a sphincter 
in M. schillerianum, for all that can be said is that the circular muscle of the column 
is thrown into more conspicuous folds a short distance below the disk than elsewhere, 
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but that the condition of these folds varies considerably in different stages of expan¬ 
sion and contraction of the column. There are as a rule no independent muscle- 
fibres in this region, but in one specimen (fig. 2) I have found a few widely separated 
in the mesogloea and without any definite arrangement. When the disk is retracted 
but the column expanded horizontally, the differentiated region of the muscle-sheath 
extends over a considerable area ; part of it is introverted, while part still remains 
external. 

The facts relating to expansion and contraction of the column and to retraction 
of the tentacles were not fully understood by me in 1907. When the animal is left 
dry by the retreat of the tide its tentacles are always 
retracted,'but its column fully expanded. The oral disk 
is withdrawn for some distance into the column and the 
walls of the latter are partially closed by a constric¬ 
tion above the tips of the tentacles, but as a rule a 
small opening remains patent. In this condition the 
actual body-wall is much swollen and remarkably trans¬ 
lucent. If the animal is touched, water is squirted 
violently from the orifice above the tentacles. I was 
wrong, however, in thinking (1907, p. 64) that any 
part of this water was contained between the layers 
of the wall or in its mesogloea. In specimens killed 
with the body fully expanded—this is easily accom¬ 
plished by pouring boiling formalin upon them in 
a small dish—the column wall will be found to be 
very thin and to be expanded by liquid within the 
mesenterial chambers. The mesenterial filaments lie 
bathed in this water in the middle of the body-cavity. 

A sudden contraction of the circular muscles of the column causes part of the water 
to be shot violently out of the mouth and consequently out of the orifice lying 
immediately above it. 

When the tentacles are fully retracted the whole of the visible part of the 
column is smoothly rounded, but as they are extruded a distinct convex ring 1 makes 
its appearance round the upper extremity. When the oral disk has been completely 
extruded the column itself contracts strongly both in a transverse and a vertical 
direction, becoming relatively short and slender. This is due partly to muscular action 
and partly to the fact that water is expelled from the body-cavity. In the living 
animal the column in this condition is more or less completely hidden by the 
tentacles, but if a specimen is bisected vertically a very distinct fold of the 
body-wall can be seen (pi. vii a, fig. 2) some little distance below the base of the 
tentacles. It is in this fold that the circular muscle of the column is most distinctly 
strengthened and differentiated. 



Fig. 2 .—Metridium schilleriunum 
(Stoliczka). 

Vertical section through the 
sphincter. 

ec. = ectoderm: cn. = endoderiu. 


1 See Stoliczka, 1869, pi. x, fig. 6. 
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Metridium schillerianum has recently been found in great abundance on posts 
and bridge-piers in canals and creeks of brackish water on the outskirts of Calcutta. 
In such positions it is often surrounded by sponge-like masses formed of the tubes of 
a ‘small Sabellariid worm that builds in mud. On one occasion the water under a 
bridge on the piers of which the anemone occurred had a specific gravity of only 
r0 o6, but individuals from this bridge lived for less than three days in pure fresh 
water, whereas others placed in water of a much higher salinity flourished. 

The species has as yet been found only in brackish water in the Gangetic delta:— 
at Port Canning on the Mutlah river, in canals and creeks connected with the same 
system near Calcutta, and in the Hughli at Diamond Harbour. It does not occur in 
the Chilka Take, in which suitable conditions are very rarely to be found. Mr. T. 
Southwell, however, recently took a specimen on a muddy bottom near the edge 
of the river at Diamond Harbour. 1 

Genus Phytocoetes, nov. 

The genus may be defined concisely as follows:— 

Thin-walled Metridiinae without a collar, with the column capable of 
considerable elongation but protean in form, with the basal disk small and 
unmuscular, never strongly adhesive, with the aboral region capable of 
assuming a physa-like shape and appearance, with retractile tentacles 
arranged round the margin of an undivided and non-lobulate oral disk; 
the tentacles thread-like when fully expanded but highly contractile. 

In both the species assigned to this genus the body-wall is very thin in a state of 
expansion, but can be considerably thickened at any point by the contraction of the 
circular muscle. This muscle lies on the mesogloea at the base of the endoderm, 
upon which it does not encroach; it forms a continuous sheath over the whole of the 
column, but, though uninterrupted anatomically, can be differentiated physiologically 
into numerous transverse strands almost visible to the naked eye and capable of 
independent contraction and expansion. When the animal is floating in the water or 
supported amidst filamentous algae or other similar plants the anterior region of the 
column is as a rule somewhat narrower than the aboral part, which may be swollen 
and bladder-like; but when it is at rest in mud, on roots or in sponges, the latter 
region is strongly contracted and cylindrical while the anterior part is more or less 
barrel-shaped (pi. vi-i, fig. 2). In all stages of expansion the basal disk is distinct. 
If the animal be subjected to abnormal or unhealthy conditions the column may 
assume almost any form, for the thin muscular walls permit constant and almost 
instantaneous changes of shape. In one species there is a distinct mesogloeal 
sphincter, in the other it is absent. The contractions and expansions of the circular 
muscles cause very great changes in the microscopic appearance of the column-wall. 

The tentacles are never very numerous; in one species the normal number is 
from 48 to 60, in the other 24. In the living animal they sometimes exhibit a 

C/. Gosse on Sagartia troglodytes in Actin. Brit., p. 95 (i860). 


1 
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tendency to be arranged in groups, but these groups are never pedicellate. In a state 
of extreme contraction the individual tentacles may become knob-like, but they are 
always elongate and very slender when fully expanded. 

The walls of the column are either smooth or covered with minute solid tubercles 
produced by swellings of the mesogloea. The cinelides, which are scattered on the 
upper part of the column, are conspicuous in the living animal but difficult to detect 
in preserved specimens. The central part of the column is often encased in a loose 
sheath of mucus and extraneous particles. 

The number of mesenteries is never great. The normal number is 12 complete 
and 12 incomplete; the latter are almost vestigial, lacking muscle-banners, filaments 
and gonads. All the complete mesenteries are normally fertile and the species 
appear to be dioeeious. Owing to the presence of large mesenterial stomata 
(which vary greatly in size, shape and position but are as a rule internal), transverse 
sections through the stomodaeal region frequently show gaps in the membrane of the 
complete mesenteries. It is possible, however, that the stomata are capable of 
almost incomplete obliteration by contraction. 

So far as can be judged from published figures, 1 the species of Phytocoetes bear 
a remarkable if superficial resemblance to the aberrant genus Scytophorus , but they 
have no morphological relationship to that genus and have probably been derived, 
as I have already indicated, from Metridium in an environment in which solid ob¬ 
jects of attachment are scarce and the bottom is almost uniformly soft and muddy. 

The type-species of Phytocoetes is P. gangeticus , sp. nov. 

The genus is only known from brackish water and water of variable salinity on 
the east coast of India. 


Phytocoetes gangeticus, sp. nov. 

(Plate viia, figs. 3, 3«, 3 b -Y 

1907. Metridium schillerianuni var. exul (in part), Annandale, Rec. hid. Mus. 

I, p. 48, pi. iv. 

The animal is colourless in spirit; in life it may be described as being of a pale, 
translucent greenish flesh-colour. When the tentacles are retracted the uppermost 
visible part of the column is tinted with olivaceous green, but the retractile region 
immediately below the oral disk is pale. The tentacles are greenish or yellowish, 
with a pale purplish tinge due to the presence of algae in the cells of the endoderm; 
they bear no definite markings. When the column is fully expanded the body- 
wall is remarkably transparent, especially in the anterior parts. 

The column is protean in form, sometimes contracted into a subspherical or 
barrel-shaped mass, sometimes elongate and almost cylindrical and at least four times 
as long as wide; in either condition it is frequently divided transversely by clear-cut 
circular constrictions. Sometimes the aboral region is fully extended and very nar¬ 
row, while the anterior parts are contracted and broad; often the converse is the 

Hertwig. “ Challenger ” Rep. Zool., VT (I), Acliniaria, p. 104, pi. iii, fig. 6 (1882). 
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difficult to demonstrate on the preserved specimen, are conspicuous in the living 
animal. They are confined to a region separated by a short imperforate “neck” 
from the disk and otherwise occupy approximately the anterior fifth of the ex¬ 
panded column. They have thin but sometimes rather prominent lips and run 
across from mesentery to mesentery, but only in the spaces separating complete 
mesenteries and not always in these. Their arrangement is irregular, but their 
relation to the mesenteries renders it necessary for them to form vertical rows, 
which contain from 3 to 7 cinclides each. When the apertures are closed they have 
the appearance, in the living animal, of fine white transverse lines bridging the 
mesenterial spaces into which they open (pi. viia, fig. 3*1). 

The stomodaeum extends when expanded for about one-third the length of the 
expanded column, but can contract independently of the body as a whole. Its walls 
are not very thick, but the endoderm forms a series of distinct ridges. Transversely, 
in the sulco-sulcular axis, it is relatively wide, occupying by far the greater part of 
the diameter of the column; it is, however, strongly compressed. 

There are as a rule twelve imperfect, infertile mesenteries as well as the twelve 
complete ones. Sometimes all of the latter bear filaments and gonads, but in some 
individuals not more than one-half or two-thirds do so; the incomplete mesenteries are 
almost vestigial. Owing to the great width of the stomodaeum the directive mesenteries 
are relatively very short. The basilar muscles are small and feeble and the muscle- 
banners fairly strongly developed. On the directive mesenteries the latter have in 
some cases a narrow, elongate form in cross-section, while in others they are 
shorter and distinctly kidney-shaped. Most mesenteries have a stoma, but this aper¬ 
ture is sometimes absent and when present varies greatly in size, shape and posi¬ 
tion. As a rule it is very large, of a broad transverse or oblique oval or ovoid form 
and distinctly internal in position; but sometimes it is much reduced in size and 
situated nearer the column-wall than the stomodaeum. I have seen one mesentery 
in which not only was the stoma, which was external in position, very large, 
but the whole of the membrane between the muscle-banner and the body-wall reduced 
to a narrow band by a great gap or emargination in the lower part of the mesentery. 
The band was bounded above by the stoma and below by this gap. 

As a rule acontia, which are never well developed, are only present on a few of 
the mesenterial filaments. The upper trilobed portion of the filaments is short—as 
a rule shorter than the stomodaeum, and the simple portion relatively long; but the 
proportionate length of the different parts of the filaments varies greatly even in the 
mesenteries of a single individual. 

The gonads are normal in structure, and as far as I can ascertain the animal is 
dioecious. 

The anterior sphincter is even less differentiated than in M schillerianuni , but 
in carefully preserved expanded specimens which have been rendered transparent, a 
few folds of the muscle-sheath can be detected in the region occupied by the cin¬ 
clides. These folds lie in the mesogloea at the base of the endoderm and are not 
accompanied by any independent muscle-spaces. The rest of the muscle-sheath 
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resembles that of M schillerianum, except of course that there is no basal disk- 
sphincter. The walls of the column are for the most part very thin, chiefly owing to 
a reduction of the mesogloea, in this respect resembling those of the other Gangetic 
species. In the region of the false physa (fig. 3A, p. 80) the endoderm is, however, 
greatly thickened. 

Types .—Nos. Z.E V 6804-6/7, Ind. Mns. : from the vicinity of Calcutta. 

The species has not been found in the Chilka Take but occurs abundantly in 
pools of brackish water at Port Canning in the Gangetic delta and in canals and 
creeks near Calcutta. In the latter district it was on one occasion found in water of 
a specific gravity of 1*006. 

P. gangeticus is distinguished from P. chilkaeus, the only other species as yet 
known in the genus, mainly by its more numerous tentacles and by the lack of a true 
sphincter; other differential characters are shown in the table on the opposite page. 

At Port Canning P. gangeticus , which is markedly gregarious, is found in large 
numbers ensconced in masses of the sponge Spongilla alba that have probably grown 
round it on the roots of grasses. It is also found in the same pools in deserted bur¬ 
rows of Teredo in wooden posts. In both situations it is lightly attached by its 
degenerate basal disk to foreign bodies. Near Calcutta its favourite situation is 
among the roots of reeds that grow at the edge of small tidal creeks. Here it is fre¬ 
quently accompanied by masses of the polyzoon Victorella bengalensis. Although it 
is found in small holes in mud, I do not think that the anemone is able to burrow, 
for in this situation it occurs actually attached to roots and accompanied by the 
polyzoon, which certainly is not a burrower. In both cases the mud seems to be 
deposited round the animal ; the anemone saves itself from suffocation by elongating 
its column, while the colonial organism buds freely and so forms a dense mass prac¬ 
tically impervious to mud, and is thus able to expand the tentacles of its individuals 
upon the surface. At Port Canning I have seen an individual of P. gangeticus lying 
exposed in the sun at the edge of a pool. The tentacles were retracted, the orifice above 
them closed and the column fully expanded owing to the amount of water it contained ; 
in the creeks near Calcutta large numbers of individuals may be found in mud between 
tide-levels. Very few individuals found in winter are sexually mature; probably the 
real breeding-season begins about February. The species does not seem to be ex¬ 
clusively nocturnal in habits. In an aquarium healthy individuals often cling to the 
glass in an upright position by means of the mucus that exudes from the surface of 
the column. They are able to drag themselves upwards by means of their tentacles 
as well as to progress in a lateral direction. 1 


Phytocoetes chilkaeus, sp. nov. 

(Plate vii, fig. 2; plate viia, fig. 4.) 

This species, examined alive, resembles P. gangeticus very closely so far as the. 
external characters are concerned, except that it has not more than 24 tentacles 

1 For further details of this mode of progression see Rec. Ind. Mm. I, p. 67. 
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and that almost the whole of the external surface of the column is covered with 
minute papillae. The internal structure of the two species is also very similar, 
except that P. chilkaeus has a true mesogloeal sphincter situated a short distance 
below the oral disk. This species is also more sensitive to drugs than its Gangetic 
ally and therefore much more difficult to preserve in a natural condition. Conse¬ 
quently, preserved specimens of the two look as a rule very different (cf. figs. 3 
and 4, pi. viht). Those of P. chilkucus are darker in colour, being of a glaucous grey 
shade, and, owing to the strong contraction of the circular muscles, much more 
opaque; the column is elongated and cylindrical for the most part and the physa-like 
appearance of its aboral extremity exaggerated, while the tentacles are reduced to 
mere knobs, though in full expansion they are as long and slender as those of 
P. gangeticus. The position of the sphincter is clearly indicated externally by a 
convex annulus (pi. viia, fig. 4). 

The specific characters in which the two species differ may be tabulated thus:— 



P. gangeticus. 

P. chilkaeus . 

Tentacles 

50-65. Never contracted to 
mere knobs. Concolorous. 

2r-24* Liable to be contracted to mere 
knobs. Sometimes with dark angulate 
rings and a dark tip. 

Surtace of column 

Smooth 

Covered, except at the aboral extremity, 
with minute tubercles and bearing a con¬ 
vex annulus a short distance below the 
disk. 

Sphincter 

Absent 

Well developed, with elongate muscle- 
spaces. 

Body-wall 

Very thin 

Much thicker, at any rate in a state of con¬ 
traction. 


The tentacles are normally 24 in P. chilkaeus, but one or more may be aborted 
and I have examined a specimen in which there were only 21. Even in specimens 
preserved in alcohol the darkening of their tips occasionally persists, though the dark 
angulate rings disappear rapidly. The markings are due to accumulations of minute 
algae in the cells of the endoderm. In preserved specimens there appear to be two 
concentric circles of tentacles arranged alternately, but in the living animal they 
are distinctly grouped in threes with a single tentacle between each triad. The 
extreme contraction to be noted in most of our examples took place before death and 
was apparently due to the fact that unsuccessful attempts were made to paralyse the 
animals with drugs. 

The minute papillae on the surface are produced by swellings of the mesogloea 
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(fig. 4) and cover the whole of the anterior two-thirds of the column. Towards the 
posterior extremity they gradually disappear and in some specimens are scanty if 

not altogether absent between the 



Fig. 4. —Phytocoetes chilkaeus , sp. nov. 


Transverse section of the column id the lower part of 
stomodaeum ; from a highly contracted specimen. 

c.m. = circular muscle. 


sphincter and the disk. On the 
anterior part of the body they are 
arranged in vertical rows. 

The sphincter (pi. vii, fig. 2) 
consists of numerous strands, 
orn/ . most of which are somewhat 
elongate in vertical section. They 
are grouped in a band-like figure, 
usually with a few that are shor¬ 
ter than the rest lying separated 
in the mesogloea, to which layer 
the whole muscle is confined. 
The muscle extends outwards in 
an oblique direction from near 
the base of the endoderm into an 
external annulus produced by a 
thickening of the mesogloea. The 
ttie circular muscle-sheath is not in¬ 
terrupted in this region. 

The internal structure of P. 


chilkaeus very closely resembles that of P. gangeticus. The body-wall appears to be 
as a rule thicker in the former, but this is due partly to the fact that it is more 
highly constricted in the specimens examined. When it is not contracted there is 
comparatively little difference. 


Targe specimens of P. chilkaeus , with the column constricted and elongated, 
are about 22 mm. in length and 4 mm. in diameter. 

Type-specimens. No. 6803/7, Z.E.V Ind. Mus. : from Rambha Bay, Chilka 
Take. 


P. chilkaeus has as yet been found only in the Chilka Take, but in both the outer 
channel and the main area. The only localities in which it was obtained were the 
head of Rambha Bay and the channel between Satpara and Mahosa. The actual 
specific gravity of the water in which it was taken varied from about 1-0105 at 
Rambha to 1-0265 at Satpara. It was collected in January and March. 

At Rambha the anemones were found either floating a few inches below the 
surface or with their aboral disks lightly attached to a filmy alga that grows luxuri¬ 
antly on mud in very shallow water. Off Satpara they were brought up from a 
muddy bottom overgrown with weeds in about 12 feet of water. To judge from 
their muddy bases they had been attached to the roots of the weeds. The aboral 
extremity was contracted and cylindrical in these specimens, expanded in those 
from Rambha. The examples from Rambha were taken in January and March; 
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those from oil Satpara in the latter month. At both seasons some individuals were 
sexually mature. The species is not markedly gregarious. 


Genus Pelocoetes, nov. 

This genus is closely allied to Phytocoetcs and may be diagnosed as follows:— 
Thin-walled Metridiinae without a collar, with a vermiform column, with 
the basal disk much reduced, with the aboral extremity capable of assuming 
a physa-like appearance and shape, with the majority of the tentacles 
arranged in groups each of which is placed on a flattened pedicel or out¬ 
growth from the reduced oral disk; the tentacles slender, thin-walled and 
not very highly contractile; the oral disk not retractile. 

In the structure of its body-wall the single species of Pelocoetes closely resembles 
Phytocoetes, but the circular muscle-sheath is even stronger and has a more intimate 
relationship with the endoderm, with which it interdigitates when highly contracted 
(pi. vii, fig. 3 b). Moreover, there is a considerable region on the upper part of the 
column in which this muscle is to some extent differentiated, being more powerful 
and more readily thrown into physiologically independent folds than elsewhere and 
occasionally being associated with a few scattered muscle-spaces. This region 
does not extend upwards quite as far as the base of the oral disk, but otherwise is 
approximately co-terminous with the stomodaeum. There is no separate sphincter. 
The nervous layer of the mesogloea is particularly well differentiated. 

The animal lives buried in mud and its vermiform column, plainly correlated 
with this mode of life, is not so protean as that of Phytocoetes. 

The tentacles are more numerous than in the allied genus, but variable in num¬ 
ber. There is an inner circle of twelve solitary tentacles and an outer circle of 
twelve pedicellate groups; but the number in each group varies considerably. 

The outer wall of the column is for the most part smooth, but bears a certain 
number of small vesicular swellings on the upper part. The cinclides are arranged 
definitely in vertical lines on the upper muscular region. 

There are more incomplete mesenteries in Pelocoetes than in Phytocoetes , but 
fewer than is usual in Metridium, the actual number in P. exul being 36. None of 
these are situated in the intramesenterial spaces. Both internal and external mesen¬ 
terial stomata may be present, but, as in Phytocoetes , their size, shape and position 
are very variable. Speaking generally, the mesenterial filaments are comparatively 
well developed in Pelocoetes ; some of the incomplete mesenteries are occasionally 
fertile; the acontia are long and relatively stout and are normally present on all 
the fertile mesenteries. The animal is monoecious and protogynous. 

The one species known occurs in the Gangetic delta and the Chilka Bake and has 
been found only in brackish water. 
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Pelococtes exul (Annandale). 

(Plate vi, fig. i ; plate vii, figs. 3, 3a, 3b.) 

1907. Metridium schillerianum var. exul (in part), Annandale, Rec. Ind. Mus. 

I, p. 48, etc., figs. 1, 2, 3, 4; pi. iii, figs. 3, 4. 

My original description of the “variety exul” of Stoliczka’s Gangetic Anemone 
applies for the most part to Pelococtes exul but is vitiated by the fact that I re¬ 
garded .Phytocoetes gangeticus as the young of the species now to be discussed. In 
the actual diagnosis, however, on p. 48 of the paper cited the characters distinctive 
of what I regarded in 1907 as young and adult individuals respectively are clearly 
differentiated. All that is necessary now, therefore, in the way of actual description, 
is to give a fuller account of the tentacular system, which can only be investigated 
satisfactorily in specimens killed in a fully expanded condition; 1 for the living animal 
is too sensitive to permit a very detailed investigation, while specimens killed in the 
ordinary way do not illustrate the peculiarities of the oral disk to anything like the 
full extent. 

The tentacles, as is stated in the diagnosis of the genus, are disposed in a single 
inner circle of twelve and in twelve external pedicellate groups. The twelve primary 
internal tentacles represent the twelve complete chambers, each arising above either 
an inter- or an intramesenterial space, which is continued into its lumen. In the 
case of the intramesenterial tentacles the base of each occupies practically the whole 
of the inner part of the roof of the chamber, while in that of the intermesenterial 
tentacles it is situated opposite the central incompletely separated compartment 
formed by two of the six incomplete mesenteries that project into the chamber from 
the column-wall. These primary tentacles do not differ in structure or form from 
the others. 


1 I find by far the most satisfactory method of killing these Gangetic species with degenerate 
basal disks is to allow them to expand themselves fully in a small vessel of water in which natural 
conditions are so far as possible reproduced. In the case of P. exul I fill the vessel half full of mud, 
make a hole some two and a half inches deep in the mud by thrusting in a pencil, and plant the anemone, 
basal disk downwards, in the hole. I then leave it until after dark with just sufficient water from its 
own habitat to allow full expansion of the tentacles. In the evening, after they are fully expanded, 
I sprinkle on the surface of the water a few crystals of menthol. In the morning the animals are found 
completely paralysed. Without disturbing them, a considerable amount of commercial formalin (about 
sufficient to make up a solution of 5% formaldehyde) is poured into the vessel. The whole is left 
standing for an hour and the specimens are then removed and cleaned. If they are wanted for histo¬ 
logical purposes they are subsequently treated with corrosive acetic solution precisely as though they 
were fresh material. In cool weather at any rate, I do not find that they suffer from this process to any 
material extent so far as general histology is concerned, but if any delicate cytological work is to be 
performed it is better to kill them in a contracted condition. The specimens of anemones of which 
photographs are reproduced on pis. vi and viia were killed and preserved in the way described; it is 
apparently applicable rather to species with very thin muscular walls than to ordinary fixed forms, and 
I have not found it altogether successful in the case of Metridium schillerianum. In that of P. 
chilkaeus it failed, possibly on account of the use of too much menthol. 
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There are two pedicellate groups, alternating with the single tentacle, above 
each complete intermesenterial space; each group is associated with one com¬ 
plete and three incomplete mesenteries and its lumen is continuous with that of 
three incompletely separated compart¬ 
ments ; one of its internal walls is 
practically co-terminous with a com¬ 
plete and the other with an incomplete 
mesentery, while the upper extremi¬ 
ties of two other incomplete mesen¬ 
teries are continued into it. The 
pedicel itself is a hollow process of the 
margin of the oral disk; its length is 
considerably greater than its breadth; 
it is compressed from above down¬ 
wards ; it has parallel sides. At some 
little distance from its point of origin I?1G ' Pelocoetes exul (Annandale). 

the process bifurcates in a horizontal Transverse section of the column in the muscular 

plane and just within the fork a single region> from a higbly contracted specimen, 
tentacle, which we may call the fureal tentacle, arises on the upper surface. Each 
branch of the pedicel bears two, three or four tentacles; the number is variable, 
sometimes even on the disk of a single individual. 

In the lower or posterior wall of the pedicel there are, projecting into its lumen, 
four muscular ridges, two practically at the lateral margins and two in the middle. 
These ridges are actual prolongations upwards and outwards of the four mesenteries 
with which this process is associated; above and opposite each of them on the upper 
or anterior wall a similar ridge is developed, so that the whole lumen is divided in¬ 
completely into three chambers, the two outer pairs of ridges being close to the sides 
of the pedicel. The separation is incomplete because the united depth of the two 
ridges of each pair is not so great as that of the lumen. The furcal tentacle is pro¬ 
duced at the distal extermity of the central chamber, while each of the lateral cham¬ 
bers corresponds to one branch of the pedicel. The number of tentacles developed 
on each branch is evidently a matter of secondary importance. 

Although one of the lower ridges in each pedicel is connected with a complete 
mesentery while three are continuations of incomplete mesenteries, no difference in 
structure can be observed; nor is there any difference between these lower ridges 
and the corresponding upper ones. 

The walls of the pedicel and of the tentacles are very thin, the mesogloea and 
the circular muscles being poorly developed in them. The longitudinal muscles, 
though by no means thick are, in spite of the non-retractile and not highly contrac¬ 
tile state of the disk, well developed. The mesenteries closely resemble those of 
Phytocoetes, except that there are 36 instead of 12 incomplete mesenteries and 
that the filaments are more uniformly developed on the complete ones. 

In the case of Phytocoetes the difference between the microscopic appearance of the 
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body-wall in specimens in which the circular muscles are contracted or relaxed has 
already been noted (p. 78); in Pelocoetes it is even more marked. When the column is 
fully expanded the total thickness of the wall is reduced to about 0-02 mm. and the 
mesogloea is a mere thread even under high powers, whereas in examples killed with 
these muscles contracted the wall is about 017 mm. thick and the mesogloea, includ¬ 
ing the muscle-band, o - 028 mm. thick. 

If the muscles are at all contracted there is always a tendency for the column of 
P. exul to assume an oval form in cross-section and this feature may be observed 
to some extent even in the living animal; the main axis of the section is sulco- 
sulcular (fig. 5, p. 87). 

The types of the species, which are from Port Canning, are numbered Z.E.V 
2419-21 /7 in the books of the Indian Museum. 

P. exul has been found only in small pools of brackish water at Port Can¬ 
ning in the Gangetic delta and in the main area of the Chilka Lake, but its habits 
render it very difficult of detection and capture and it is actually, in all probability, 
distributed more widely than we know. In the lake it was taken close inshore at 
Rambha in a few inches of water in January and off Kalupara Ghat in the northern 
part of the area in very shallow water in April. The salinity of the water is not 
precisely known, but the specific gravity must have been between i'005 and I'oio. 

This anemone lives, as already stated, buried in the mud up to the base of its 
oral disk, which can be pulled downwards with great rapidity on disturbance. It 
is nocturnal in habits to this extent—the tentacles are never fully expanded by day 
and remain with their tips extending from the hole in the mud for a short distance 
only, whereas by night they are completely extended. These facts were observed 
in the case of anemones in situ at the edge of the lake in January. A bright light 
directed on the disk, however, did not cause contraction. Although in early life 
the animal must be an active burrower as it lives in a vertical burrow several inches 
deep, adults are very helpless when removed from their proper environment and 
show no inclination to make a fresh hole. Their vermiform column prevents them 
from assuming an upright position, and it is very difficult to keep them alive in 
captivity unless they are literally planted in mud in the way described in the footnote 
on p. 86. Further particulars as to the habits of P. exul will be found in my paper 
of 1907. 

In specimens taken in the Chilka Lake in J anuary the ovaries were mature; 
this was also the case with specimens taken at Port Canning in December ; but in 
others taken at the latter locality in January it was the testes that were ripe. 

Family EDWARDSIIDAE. 

1905. Edwardsiidae, McMurrich, Zool. Jahrb., Suppl. VI (III), p. 218. 

Remarkably few species of this family have been found in the warmer seas and 
the occurrence of two genera, representing respectively the Edwardsia and the Hal- 

campa sections of the family, in a locality so peculiar as the Chilka Lake is therefore 
noteworthy. 
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Genus Halianthus, Kwietniewski. 

1896. Halianthus , Kwietniewski, Jena. Zeitsch. Natunoiss. XXX, p. 585. 

The species hitherto assigned to this genus are mainly Arctic, but MeMurrich 
( op • cit., 1905, p. 223) has described one from the Pacific coast of South America. 
I can find no previous record from the Indian Ocean. 

Halianthus limnicola, sp. nov. 

(Plate vi, fig. 2 ; plate vii, figs. 4, 477, 4/;.) 

When at rest the living animal has a conical shape, slightly swollen in the mid¬ 
dle region and slightly constricted at the truncated end, i.e. just below the oral disk. 
The aboral end is bluntly pointed and often not at all inflated; externally there is no 
apparent separation of capitulum, scaphus and physa, but the last is to some extent 
retractile. The body can assume practically any shape from spherical to cylindrical 
and sharp constrictions at one or more points are often a noticeable feature of pre¬ 
served specimens; when the tentacles are retracted the upper part of the column 
assumes a subspherical form, while the aboral region is constricted into a cylindrical 
peduncle; or the whole organism may have an elegant vase-like outline. There is 
no external cuticle or sheath. 

On the external surface there are twelve longitudinal rows of relatively large, 
though not very prominent, solid tubercles, which correspond roughly in position 
with the twelve mesenterial spaces; they are mainly due to thickenings of the 
mesogloea. Towards the aboral extremity these rows, and also the individual 
tubercles, tend to become obsolete. The whole of the body-wall and the wall of the 
disk and tentacles is hyaline and practically colourless, but the tentacles are often 
ornamented on the upper surface with V-shaped translucent bars and the disk is not 
so transparent as the column. The mesenterial filaments and the gonads are of a 
bright yellowish flesh-colour, which is communicated by reflection to the remainder of 
the animal, especially in a state of contraction. Specimens in spirit or even formalin 
become more or less opaque. 

The oral disk is ample, its outline in contraction is broadly oval, the longer axis 
being that of the mouth, which occupies the greater part of the disk in this axis. 
The lips are by no means prominent when the mouth is closed ; there are six low 
transverse ridges at each side. The normal number of tentacles is twelve, but occa¬ 
sionally one or more subsidiary tentacles are produced asymmetrically; the normal 
arrangement is that the tentacles form two concentric circles of equal numbers and 
alternate round the margin. There is no structural difference between ordinary and 
subsidiary tentacles; both when fully expanded are stout, cylindrical and blunt and 
hardly longer than the longer diameter of the disk; they can be contracted into little 
wart-like projections. The disk is usually flat but can assume a conical or even a 
clavate form. 

The aboral extremity is perforate, but the pore is always small. 

Our largest specimens, which have shrunk very little, are about 5 mm. long. 
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Fig. 6 .—Halianthus limnicola, sp. nov. 

Transverse section of the column in the middle of 
the stomodaeum. 


The circular muscle of the body-wall is well developed and in the living animal 
can be detected readily with the aid of a hand-lens as a series of transverse rings 

capable of independent contraction and 
expansion. The differentiation is, how¬ 
ever, physiological rather than anato¬ 
mical and in vertical sections the muscle 
forms a continuous sheath of minute 
fibres, having the general appearance of 
an irregularly serrated line more conspi¬ 
cuously folded at some points than at 
others. In transverse sections the fibres 
lie at the base of the endoderm (as of 
course they do also in vertical sections) 
but run across the mesogloea at the 
base of the mesenteries. The muscular 
sheath is most strongly developed in 
the wall of the physa. 

The sphincter (pi. vii, fig. 4) is well 
developed but short. It lies close below 
the base of the tentacles and consists of 
a number of relatively stout isolated 
strands surrounding distinct muscle-spaces and well separated by mesogloea from the 
muscle-sheath. 

The stomodaeum is spacious in cross-section; the walls, which are moderately 
thick, are thrown internally into three distinct though not very deep folds on either 
side; the sulcus and sulculus are very broad. The sulco-sulcular length in a state 
of expansion occupies a little less than a half of the width of the column. 

There are no rudimentary or incomplete mesenteries. The twelve complete 
mesenteries are normally fertile. The kidney-shaped muscle-banners are moderately 
small and separated by some little distance from the wall of the stomodaeum; they 
contain a considerable number of moderately long and slender folds of the mesogloea. 
The parietal muscles are slightly and irregularly folded, the projections of the 
mesogloea on which they are based being by no means clearly defined in sections. 

The gonads are normal in structure and not very much folded transversely. 
The animal appears to be dioecious. 

The specific characters of Halianthus limnicola may, therefore, be summarized as 
follows:— 

(1) The whole animal (except the internal organs) is colourless and translucent 

or hyaline, the markings on the tentacles being due to relative degrees 
of transparency and not to pigmentation. 

(2) The normal shape of the column is conical and there is no external differ¬ 

entiation of capitulum, scaphus and physa. 

( 3 ) There is no external sheath or cuticle. 
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( 4 ) J'heie aie twelve vertical rows of solid tubercles on the column. 

( 5 ) Ihe tentacles are normally 12 in number, but extra subsidiary tentacles 
are sometimes produced asymmetrically; both the normal and the 
subsidiary tentacles are (even when fully expanded) stout, blunt and 
hardly longer than the longer diameter of the disk. 

(6) The mouth is relatively wide. 

( 7 ) The? stomodaeuin is spacious, its sulco-sulcular axis occupying nearly one 
half of the diameter of the column. 

(8) The muscle-banners are small, though not so small as in some forms, and 
separated from the walls of the stomodaeum. 

(9) There are no incomplete mesenteries. 

(10) The parietal muscles are feebly developed and accompanied merely by 
somewhat indistinct projections of the mesogloea. 

Types. No. Z.E.V 6032/7, Ind. Mus. 

This species has been found as yet only in the Chilka Take, in the main area of 
which it is abundant at all seasons except the end of the rains; it is also found, 
much more sparingly, in the muddy parts of the outer channel. It is commonest in 
from 6 to 12 feet of water and has been found throughout the range of salinities 
occurring in the lake. 

Halianthus limnicola is gregarious, and was usually taken on a muddy bottom 
in which there was a fairly large admixture of dead Tamellibranch shells. It is 
very active and not at all shy. When removed from the water or otherwise 
disturbed it retracts its tentacles instantaneously but extrudes them again the 
moment that it is comfortable. In a vessel half filled with mud and shells and 
half with lake-water it begins to burrow almost immediately. This it prefers to do 
among shells, among which it progresses in an almost horizontal direction, lying 
prone and dragging itself along with fair rapidity by means of its tentacles. Their 
movements are accompanied and assisted by rhythmical longitudinal expansions and 
contractions of the column. No rhythmical transverse contractions of the column 
were observed, but constrictions often appeared suddenly at different points. The 
animal has a strange habit of alternately retracting and extruding the proximal 
part of the physa. No attempt was made to form an external sheath or cuticle, the 
transparent wall of the column remaining remarkably clean. If left to itself the 
anemone sometimes formed a vertical burrow, in which, however, it never remained 
for very long. The muscular nature of the physa would suggest that it is employed 
in making burrows of the kind, but the process was not observed. 

Although numerous individuals of the species were obtained in most hauls of our 
nets on suitable ground throughout the greater part of the year (even in July, when 
the rains were established, and in September, when the water had become fresh), yet 
in November it was found to be very scarce and only a few specimens were obtained. 
These were, moreover, in a quiescent condition, exhibiting none of the normal 
muscular activity, and were so contracted and shrivelled that they could not at first 
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be identified. There can, therefore, be little doubt that prolonged exposure to fresh 
water has much the same effect as it has on the medusa Acromitus rabanchatu 
(p. ioi, postea). A larger proportion of the actinians, however, probably perish and 
the physiological changes are produced more slowly. 

H. limnicola does not seem to have any fixed breeding season, for individuals 
were found with apparently ripe gonads at all times of the year, even in November. 

Genus Edwardsia, Quatrefages. 

1889. Edwardsia, Haddon, Trans. Roy. Dublin Soc. (2) VI, p. 326. 

1895. ,, Faurot, Arch. Zool. experim. (3) V, p. 108. 

Edwardsia has been generally regarded as characteristic of temperate seas both 
north and south of the Tropics, and I can find no reference to any undoubted species 
from the Indian Ocean. Carlgren 1 has examined a representative of the closely allied 
genus Edwardsiella from the Red Sea and Hast Africa, which was originally described 
by Klunzinger 2 under the name Edwardsia pudica, and thinks that Edwardsia 
adenensis, Faurot 1 * from Aden is probably a synonym. E. arenosa, Klunzinger, is also 
an Edwardsiella. 

Edwardsia tinctrix, sp. nov. 

(Plate vi, fig. 3 ; plate vii, figs. 5, 5 a ; plate viia, fig. 5.) 

When fully extended the whole animal is vermiform, and narrowly sausage¬ 
shaped when the capitulum is introverted. The distinction between capitulum, 
scaphus and physa is well marked in the former condition and that between the two 
last regions in the latter. The scaphus is relatively long and slender, the capitulum, 
which is not constricted, short. The naked physa is also short, but not so short as 
in some species, it has a rather narrow ovoid form when expanded and bears at the 
tip a circle of eight minute finger-shaped processes. These, however, are apt 
to disappear in preserved specimens and in any case are so small that they can 
only be seen under a high power of the miscroscope; in structure they are solid 
outgrowths, mainly of ectoderm and containing a large number of minute intracellu¬ 
lar refractive granules. O11 the scaphus there are eight vertical rows of small but 
prominent mamilliform tubercles corresponding in position to the eight mesenterial 
spaces. The structure of these tubercles will be discussed presently. Not only the 
whole of the capitulum but also a considerable part of the scaphus can be introverted. 

The sixteen tentacles are long, slender and pointed. The oral disk is narrow 
but more or less tumid; the mouth runs across the greater part of it. The tentacles 
are not very highly contractile, but can be thrust into the mouth so far that their 
tips extend into the physa. 

The capitulum, with the disk and tentacles, is translucent and often colourless, 


1 Mitt. Naturh. Mas. Hamburg, XVII (2), p. 46 (1900). 

Die Korallthiere des Rothen Mecres I, p 81, pi. vi, fig. 3 
8 °P- cit., supra , p. 121. 
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but is usually tinged more or less deeply with olive-green ; sometimes the endoderm 
of the tentacle.', is marked with alternate green aud white rings, the pale rings being 
narrower than the dark. The most characteristic features in the colouration is, 
however, a series of eight blackish vertical bars that ornament the capitulum just 
below the disk, one outside each mesentery. Kach bar is double, being completely 
bisected longitudinally by a colourless or pale line, and expands at the upper end, 
which is sometimes separated as a distinct spot or rather pair of spots. The scaphus 
has a bright orange-scarlet colour, which, unlike the markings of the capitulum, 
retains its intensity in spirit; this colour is not intrinsic in the tissues of the animal 
but due to a staining of the particles of mud incorporated in the delicate “cuticle” 
that clothes the scaphus. 1 The physa, both in living and in preserved specimens, is 
of a fairly opaque white. 

The tubercles on the scaphus are a characteristic feature of the species, not only 
on account of their prominent nature but also of their internal structure. In most 
sections of the column they appear merely as hollow outgrowths of the wall due 
mainly to a thickening of the mesogloea accompanied by the apparent formation of 
a large lacuna; but if specimens of the whole animal be mounted for microscopic 
examination after being rendered transparent it will be readily seen that each lacuna 
contains, in addition to a quantity of mucus, what appear to be a number of long 
slender chaetae arranged for the most part almost at right angles to the circum¬ 
ference of the column but converging somewhat to the tip of the papilla, which con¬ 
tains a minute aperture. In a few sections Of several large series some of these 
peculiar bodies remain in situ and can be recognized in the slender nematocysts of 
the type figured more than fifty years ago by Gosse in his Actinologia Britannica 
(pi. xi, fig. io, i860). Their threads can be occasionally detected emerging from 
the pore in the papilla (pi. vii, figs. 5, 5 a). The cavity of the tubercle has a diameter 
of about 0 09 mm. 

The body-wall is very thin in the capitulum, but considerably thicker in the 
scaphus, the difference lying mainly in the relative amount of mesogloea present; 
in the physa the mesogloea is thin but the endoderm rather thick. There is no 
special sphincter, but the circular muscle, which lies at the base of the endoderm, is 
well developed both in the scaphus and in the physa. The nervous layer is well 
developed. The wall of the tentacles is thick, but their mesogloea relatively thin. 

The stomodaeum is ample at its upper extremity, occupying in its longer axis 
more than half of the diameter of the column and having a rather narrowly oval 
shape in cross-section ; it is very short vertically and does not quite reach the 
lower end of the capitulum. 

There are, in addition to the usual eight complete mesenteries, eight rudimentary 
ones, but these are confined to the upper part of the stomodaeum. They have the 
arrangement apparently normal in the genus, i.e. there are two in each sulco-lateral 


1 A similar staining of muddy particles is often produced at the edge of the mantle in some of the 
Cbilka Lamellibranclis (e.g. Theora opalina) and in the tubes of Maldanid worms. 
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chamber and one in each of the other chambers except the sulcar and sulcular. 
Most of these rudimentary mesenteries consist merely of the basal (parietal) longitu¬ 
dinal muscles and the folded mesogloea that supports them, but those in the sulco- 
lateral chambers are distinctly better developed and possess a rudiment of the 
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Fig. 7. —Edwardsia tinctrix, sp.nov. 

A. Lateral view of the capitulum (from a sketch by Mr. G. Henry). 

B. Transverse section through the upper part of the capitulum. 

C. Transverse section of a fertile male mesentery through the upper end of the gonad, 

membranous part as well; indeed, they are at least as well developed as the incom¬ 
plete mesenteries of Phytocoetes. 

The longitudinal muscles of the complete mesenteries differ in different regions 
of the column. In the upper part of the capitulum the parietal series are poorly 
developed, whereas the muscle-banners are large and powerful, occupying the greater 
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part of the width of the mesentery (fig. 7 A, p. 94). A little lower down these latter 
structures become much thinner and weaker, practically disappearing at the lower 
end of the stoinodaeum, while the parietal muscles become better developed. Below 
the stomodaeum the muscle-banners again become large. The mesogloea in the 
basal part of each mesentery is thrown on each side into five or six folds, all of 
which are moderately stout and have an approximately similar form and depth. 

The gonads are normal and the animal is apparently dioecious. 

Our largest specimen of this species is about 30 mm. long in a fully extended 
condition, the greatest transverse diameter of the scaphus being 3 mm. and the 
length of the tentacles 6-5 mm., but this specimen is unusually large. 

Types. —No. Z.E V 6819/7, Lnf. Mus. 

The most important specific characters of Edwardsia tindrix lie in the shape and 
colouration of the column, the presence, peculiar structure and comparatively large 
size of the tubercles on the scaphus, the relative length of the sulco-lateral rudimentary 
mesenteries, the form and relative size of the longitudinal muscles of the mesenteries 
and the proportions of the stomodaeum; but in the identification of specimens of the 
genus attention must be paid to the general sum of characters rather than to sepa¬ 
rate features or to single organs or parts. Perhaps the most peculiar feature of the 
Chilka species is the structure and size of the tubercles, but those of E. dafaredi 
(Panceri) are probably similar, if relatively smaller, for the nematocysts in these 
organs are very liable to disappear from sections. 1 

E. tindrix is, for the greater part of the year, one of the most abundant mem¬ 
bers of the fauna of the main area of the Chilka Lake, over the whole of which it 
occurs from the shore to a depth of 16 feet; in the muddy parts of the outer chan¬ 
nel it is much less common. It was found in water of which the specific gravity 
varied from that of the Bay of Bengal at the time to that of pure fresh water. 
Outside the Chilka Lake it has not yet been discovered. 

The anemone lives buried in mud as far as the base of the disk. It is extremely 
shy and sensitive. When removed from mud individuals almost invariably have 
the disk and capitulum introverted into the scaphus, and it was not found possible 
to cause them to expand by daylight. If planted in mud covered with water in a 
glass they often did so by night 2 , but even then showed no tendency to shift their 
position or to construct fresh burrows for themselves. 

E. tindrix is much less common in the Chilka Lake at the end of the rains than 
at other seasons, but a few individuals were found even in November. They were 
much contracted and did not expand in captivity even at night. It is probable, 
therefore, that they are affected by long-continued residence in fresh water much in 
the same way as Halianthus limnicola. 

In specimens taken between March and July inclusive the gonads were ripe, as 


1 See Walton and Rees, Journ. Mar. Biol. ^ 4 ss. Plymouth X, p. 64, fig. 2, 1913. 

1 Walton and Rees {op. cit., p. 62) found that an individual of E. claparedi (Panceri) at first 
refused to expand by daylight but after a time did so. 
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they were occasionally in September; but this was not the case in those collected 
between November and February. 


SCYPHOMEDUSAE. 

(Plate vi (in part); plate viii.) 

The only medusa of this group found in the Chilka Fake belongs to the order 
Rhizostomata and the division Triptera. The species is here described as new and 
belongs to a genus recently discovered in the Philippines, in which the only form 
hitherto recognized occurs. The Chilka species is of considerable biological interest, 
not only because it has been able to establish itself as a permanent resident in water 
of very variable salinity, but also because we found it possible to estimate the direct 
effect of fresh water upon the physiology of individuals (p. ioi, postea). Some post- 
larval forms were obtained and are here described briefly and figured; they throw 
light on the evolution of the Rhizostomatous mouth-arm. The species is also 
common in the Bay of Bengal. 

Order RHIZOSTOMATA. 

Division RHIZOSTOMATA TRIPTERA. 

Genus Acromitus, Fight. 

1914. Acromitus, Fight, Philippine Journ. Sci. (D) IX, p. 210. 

This genus has recentfy been described to contain a single species ( A . maculosus, 
Fight) from the Philippines. Its most striking diagnostic character is the posses¬ 
sion at the tip of each mouth-arm of a single greatly elongated tentacle-like filamen¬ 
tous process. This process is very much longer and stouter than the small sensory 
filaments scattered among the mouths on the arms. 

In describing a new species from the Chilka Fake and the Bay of Bengal I have 
closely followed the descriptions of representatives of the order published in Meyer’s 
Medusae of the World (1910). In all the features accepted by Fight (1914, op. cit.) as 
of generic importance this species agrees with A. maculosus, the only other member 
of the genus yet known. 


Acromitus rabanchatu l , sp. nov. 

(Plate vi, figs. 4-6; plate viii.) 

The disk is no flatter, at any rate in living medusae and in specimens recently 
preserved in formalin, than a hemisphere. In large individuals its diameter is as 

Raban-chatu is the vernacular name given to this medusa by the Uriya fishermen of the Chilka 
Lake, who would probably apply it also to any other medusa of similar shape. It means “ the umbrella 
of Ravana the demon-king of Ceylon who plays the part of chief villain in the Ramayana. 
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much as 20 cm. The exumbrella is smooth to the naked eye, but under the micros¬ 
cope appears minutely granular each granule consisting of a little prominence beset 
with nematocysts. There are eight rhopalia, each flanked on either side by a small, 
elongate, tapering marginal lappet. A furrowed exumbrellar pit extends inwards 
down each rhopalium; as seen from above the outline of the pit is somewhat 
expanded towards the margin and constricted inwards. The rhopalar lappets, which 
are longer than the others, are not expanded inwards at the base and do not meet at 
any point. The velar lappets, of which there are four pairs in each octant, are short 
and broad; their tips are very broadly rounded or subtruncate, and the incisions 
that separate them short, those separating the two lappets that form a pair being 
shorter than those that separate one pair from another. There are thus 16 rhopalar 
and 64 velar lappets, or 80 in all. 

The width of the arm-disk at its base is about two-thirds, and at the point at 
which the arms originate from it about one-half that of the bell. 

There are four narrow genital ostia, each a little narrower than the pillar which 
separates one ostium from the next. Each is constricted below by a thick, wide, 
gelatinous process of the bell-disk, and a little distance outside each a broad triangular 
process with a bluntly pointed tip is directed downwards and inwards from the 
subumbrellar surface. It occupies a position immediately below one of the rhopalar 
canals. The arm disk is very slightly emarginate in each perradius. The subgenital 
cavity is broadly cruciform. 

At their bases the eight mouth-arms are joined together in a circle for a short dis¬ 
tance. Their relative length is somewhat variable and one or more, perhaps owing to 
accident, are sometimes shorter than the others; they are always comparatively long 
in proportion to the vertical axis of the bell. The lower, bifid portion of each arm 
occupies about four-fifths of its total length. In this region the mouths are arranged 
in a single row down each margin of each edge of the three lamellae. On the upper, 
simple part of the arm they extend up the inner edge, in the same formation, to its 
point of origin. The fringed lips, however, are so contorted, and the minute capitate 
stinging-tentacles so numerous upon them , that it is difficult to make out the precise 
arrangement without studying immature medusae. Normally the arm is bluntly 
pointed at the tip. 

The sensory filaments on the sides of the arms are short, slender and bluntly 
pointed; they are often entirely concealed among the capitate tentacles and seem 
to be much better developed in some individuals than in others. Their arrangement 
is not very regular, but, generally speaking, they are set in short transverse lines 
parallel to and alternating with the mouths. The elongate terminal filament charac¬ 
teristic of the genus is rather stout at the base and tapers gradually. When fully 
formed it is of great length, but it is rarely well-developed on all the arms of an 
individual and may be altogether absent from some. This is probably due to acci¬ 
dent, for the tip of the arm itself is sometimes lacking. Not infrequently the fila¬ 
ment has one or more short branches at its base. Possibly this is due to regeneration 
after injury. 
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The stomach is cruciform. There are eight rhopalar and eight adradial canals. 
The former reach the broad zone of anastomosing circular canals externally, but the 
latter are usually separated therefrom by an inwardly projecting portion of this peri¬ 
pheral system. Even in adult medusae an adradial canal can sometimes be traced in 
a straight line through this projecting portion to the outer zone, but more frequently 
it loses its identity on entering the former. The gastric filaments are numerous but 
very small. They are short, cylindrical and bluntly pointed. 

The colour of the bell, arm-disk and arms is milky white, neither transparent nor 
altogether opaque. As a rule the bell is ornamented with dark spots, but their size, 
number and arrangement are variable, and often they are absent. Sometimes 
(perhaps most frequently) there is a broad immaculate peripheral zone and the spots, 
which are about 2 mm. in diameter, are densely scattered over the remainder of the 
bell; but sometimes they extend outwards to the marginal lappets, and I have seen 
medusae, apparently quite uninjured, in which there were only some half a dozen 
minute specks on the central part of the dome. Sometimes the spots are rather 
large and fewer than usual; I have examined one individual in which they ran 
together to form large irregular blotches on the margin. The pigment appears, in 
the living medusa, almost black to the naked eye, but if the animal is allowed to die 
in water it streams out in a deep purple cloud. In spirit or formalin the spots fade 
to a reddish brown and gradually, after some months, disappear altogether. The 
gastric filaments and the gonads are naturally of a yellowish flesh-colour, but fade 
immediately to opaque white in spirit or formalin. 

Type. —No. Z.E.V 6740/7, Ind. Mus. Preserved in 5 % formol. 

Distribution .—This medusa is common in shallow water on both sides of the Bay 
of Bengal and in backwaters in the Madras Presidency. I have examined specimens 
from the coast of Tenasserim and of Orissa. In the Chilka Lake it occurs at all 
times of the year both in the outer channel and in the main area. We found it in 
water of every degree of salinity up to that normal in the Bay of Bengal, and even in 
pure fresh water; it evidently breeds in brackish water. The effect of fresh water 
upon it is discussed below (p. 101). 

Acromitus rabanchatu is closely allied to the type-species of the genus (A. macu- 
losus, Light 1 ), from which it differs in colouration, in having the velar lappets shorter 
and blunter than the rhopalar, the terminal arm-filaments stout and tapering at the 
base, in the shape of the rhopalar pits and rhopalar lappets and in several other 
minor characters. 

Young stages. 

Many small specimens were obtained in tow-nets, especially in November, 1914 
in the immediate neighbourhood of Barkuda Id. The smallest are about 3 mm. in 
diameter and represent an interesting stage in the development of the species. 
Practically every other stage up to the full-grown medusa is represented in our 
collection. 


1 Philippine Journ. Sci. (D) IX, No. 3, pp 210-216, figs. 4-6 (1914). 
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In our smallest specimens the disk is flat and membranous, with only a slight 
convexity in the central region of the exumbrella. The margins can, however, be 
everted upwards so that the structure becomes deeply 
concave, resembling a chalice in form (fig. 8). The 
muscular system is poorly developed and that of the 
canals is still in a primitive condition. The sixteen 
radiating canals are well developed, but they open 
outwards directly into a circular canal on the peri¬ 
phery. The walls of the latter canal are irregular in 
outline and somewhat indefinite projections can already 
be detected, representing the anastomosing channels 
that will be developed later. The actual margin is so 
delicate that it is invariably injured in specimens taken 
in a tow-net, but the rhopalar lappets are relatively 
large and conspicuous and the velar lappets short and 
broad and perhaps not very clearly separated. There bell everted upwar( j s 
appear to be four in an octant. The actual rhopalia 

are well-developed, but the furrowed pit above them is represented only by a slight 
depression in the exumbrella. 

The most interesting features of these young medusae are to be found in the 
mouth-arms. The arm-disk has already assumed its final shape, but the ostia are 
relatively smaller than in the adult and are not protected by depending processes of 
the subumbrella. These processes do not appear until a much later stage in post- 
larval development is attained, and the ostia remain relatively small until the bell is 
considerably larger. In the smallest specimens the arms themselves (pi. viii, fig. 2) 
are still in the Semostoman stage and may be compared with those of the adult medusa 
in Aurosa. They are united in a circle at their base to a slightly greater relative 
extent than in the adult, to form what may be called a short manubrium, and are 
arranged in four pairs. Each arm is an elongate, membranous, flattened process of the 
margin of this manubrium, bilobed at the distal extremity and having the tips of the 
lobes slightly everted. The lobes are rounded and do not diverge widely. The inner 
(endodermal) surface is concave and a single row of minute capitate tentacles run 
round the whole arm (including the lobes), and also along the margin of the manu¬ 
brium between the bases of the members of each pair of arms. The tentacles are 
least numerous id the latter position. 

It would be out place to discuss the post-larval development in any great detail, 
but one or two points of general interest may be noted. It may be stated firstly 
that there appears to be very little correlation of a definite kind in the origin or 
full elaboration of different organs in different individuals. In some very small 
specimens the canal-system is already more elaborate than it is in others of much 
larger size; the bell is much deeper, and has a shape more near that of the adult, 
in some young examples than it has in others of more advanced development as 
regards the canal-system; the terminal filaments of the arms rarely appear at the 



Fig. 8 .—Acromitus rabanchatu, 
sp. nov. 

A very young medusa with the 
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same time on all the arms of the same medusa, and are frequently absent in indivi¬ 
duals of later growth than in some of those in which they are fully formed; the 
lateral sensory filaments of the arms usually appear later than the terminal ones, but 
can sometimes be detected in the form of minute buds before the latter make their 
appearance. 

A second point of interest lies in the fact that in the development of the canal- 
system the inward projections of the peripheral plexus connected with the adradial 
canals first make their appearance as irregular processes of the primitive circular 
canal and are in no way connected with the radiating channels. Each projection 
is formed in two halves, one half on each side of the canal with which the whole is 
ultimately to fuse. Even after the two halves have become joined to the two sides 
of the radiating canal, it runs straight through them and maintains its identity to 
the margin of the disk. This condition prevails for a considerable period and may 
occasionally be found persisting as an abnormality in one or more octant of a large 
medusa. 

But the most interesting feature of our series of young specimens of Acromitus 
lies in the clear manner in which it illustrates the evolution of the Rhizostomatous 
mouth-arm (plate viii, figs. 2 to 36). The peculiarities of the structure of this organ 
are due in the first instance to unequal growth in its different parts. The everted 
terminal lobes of the arm of the young medusa grow more rapidly than the simple 
basal part, and the margins in both regions grow more rapidly than the middle 
portion. The first consequence of the accelerated growth of the terminal lobes is 
that the whole arm is definitely folded inwards along the middle line, while the 
fact that the margins become longer than the middle region causes them to be 
thrown into a series of short transverse pleats. This double folding causes certain 
parts of one side of the arm to be brought into close contact with the corresponding 
parts of the other side, and also certain parts of each margin to be pressed against 
others on the same side; but prevents the whole of one vertical half coming into con¬ 
tact with the whole of the other. In fact, a central vertical canal is left open 
down the mid-ventral line of the primitive arm, while lateral canals of smaller 
calibre diverge from it obliquely to the margin on either side. The whole figure 
thus formed is pinnate. Simultaneously with the production of this system of 
canals a great increase in the bulk of the mesogloea of the arm takes place. 
Where endoderm meets endoderm in the folding, the two surfaces fuse together and 
are invaded by mesogloea, which cuts off one canal from another, leaving those 
endodermal tracts free that have not been in contact. The endoderm in the interior 
of the greatly strengthened and thickened arm that is thus produced is now confined 
to the lining of the vertical and lateral channels formed by the folding of the 
originally membranous structure and its consolidation in the manner indicated. The 
distal extremities of the lateral canals remain open and form two linear series of 
mouths, extending, one on each side of the new margin, down the arm and along 
each of the terminal lobes. 

Yet another folding takes place owing to the growth of these lobes. At first 
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slightly everted, they tend to grow upwards rather than outwards and so to be 
folded against the outer margin of the undivided part of the arm. Their ectoderm 
thus comes in contact with the ectoderm of that part. Ectoderm fuses with 
ectoderm and is invaded by mesogloea, but as the folding is a simple one no new 
channels are left open. The characteristic arm of the Triptera is thus produced, 
formed in its distal region of three lamellae meeting in a vertical line and having a 
>--shaped cross-section. 

Another point that may be noticed is the large size of the gastric filaments in 
the young medusa, in which they are actually as large as—relatively of course much 
larger than—in the adult. 

Acromitus rabanchatu is a sluggish medusa usually seen on the surface with its 
main axis nearly horizontal. Its pulsations are slow and feeble. Probably the fixed 
stage occurs on rocks or weeds near the south end of the lake, where the young were 
found in April, July, September and November, but not in January or February. 
Small copepods were noticed in the stomach of the young. The stinging-cells have 
little or no effect on the human skin. Personally I could detect none. 

The most striking point in what we ascertained as to the biology of this medusa 
is the effect that an irruption of fresh water has on its habits and physiology. We 
noticed that medusae were absent from the surface of the northern part of the main 
area of the Chilka Lake for a considerable part of the year in which they were fairly 
common in Rambha Bay, although the prevailing wind had a tendency to drive 
them northwards. The season at which we did not find them on the surface off 
Barkul and Nalbano was that at which fresh water, which never penetrates fully 
into Rambha Bay, was prevalent in the northern parts of the lake. At this season 
our nets often brought up specimens of Acromitus from the bottom; they seemed to 
be unusually sluggish, to have unusually flat disks and long arms; but we did not 
notice anything very definitely peculiar. By a fortunate chance abnormal meteoro¬ 
logical conditions made it possible to make a much more definite observation in the 
Ennur backwater near Madras in January, 1915. At that time, at a season at which 
the weather is usually dry, heavy rain had fallen and the specific gravity of the 
water in the upper reaches of the lagoon had sunk, probably quite suddenly, at least 
as low as rooi. No medusae were seen on the surface, but every haul of the bottom- 
nets brought up specimens; in one case as many as twenty in a haul. At first sight 
they appeared to be dead; no movement of any kind could be detected and the 
circular muscles of the disk were uncontracted and flaccid. The disks were so flat, 
owing partly to the condition of the muscles but mainly to an actual shrinkage of 
the jelly, that the specimens were recorded provisionally as representing either a 
distinct species or a phase of A. rabanchatu in which the disk retained the post-larval 
form; the arms, in consequence of the shrinkage of the bell, appeared to be excep¬ 
tionally long. That the medusae were not dead was proved by two facts—they 
exhibited no signs of decay and the spots on their umbrellas were clear and well- 
defined. The latter fact is particularly important, because in medusae of this species 
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that are allowed to die in water the pigment of the spots begin to “ run” imme¬ 
diately, staining the surrounding medium. The Ennur specimens were of all sizes 
from a diameter of about 3 cm. to about 20 cm. 

These facts, taken in conjunction with the observations recorded on Halianthus 
limnicola and Edwardsia tinctrix on pp. 91, 95 of this paper, justify an expression of 
the belief that some individuals of certain coelenterate species, if forced to live tempora¬ 
rily in water of very low specific gravity (i.e. greatly decreased salinity), are able to 
survive in a state of quiescence or torpidity for considerable periods, and that the 
most obvious direct structural effect of such conditions is a shrinkage of the mesogloea. 
If unduly prolonged these conditions cause the deaths of many individuals. The 
more marked results at Ennur, as compared with those noticed in the Chilka Take, 
were probably due to the greater suddenness of the change. 

In the Chilka Lake, but not at Ennur, a small amphipodous crustacean was 
almost invariably observed among the tentacles on the mouth-arms of large indivi¬ 
duals of A. rabanchatu and occasionally also on the subumbrellar surface. It was 
not present on very young medusae. In the gastric cavity of these latter, among 
the gastric filaments, ova were frequently observed, giving, together with the large 
relative size of the filaments, a false appearance of sexual maturity. The ova, 
however, were not confined to the gastric cavity but occurred scattered through¬ 
out the vascular system and in particular in the circular canals; they are shown 
as white spots in the photographs of young medusae reproduced on plate vi. 
A microscopic examination revealed no ovarian tissue, and there can be no doubt 
that the ova were not proper to the medusae. Mr. T. Southwell has been kind 
enough to examine a series of well-preserved specimens. He agrees with me in 
thinking that the eggs are not those of the commensal amphipod but probably 
belong to some helminth parasite. They are in various stages of segmentation and 
the formation of a blastula, but unfortunately have not reached in any case a higher 
stage of development and have not as eggs any distinctive structural character. In 
size and shape, however, they closely resemble eggs found with immature Distomid 
Trematoda in the canals of a Ctenophore common in the Chilka Lake (p. 118). No 
eggs of the kind were observed in adult medusae. 

The main breeding season of A. rabanchatu occurs in the Chilka Take, to judge 
from the condition of the gonads in specimens, towards the end of the cold weather, 
i.e. in February and March. 


HYDROZOA. 

(Plate ix, in part.) 

We obtained in the Chilka Take specimens of eight or nine species of Hydrozoa, 
representing four orders, seven families and eight or nine genera. The alternative 
numbers in species and genera are due to doubt as to the association of a medusa 
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with its hydroid generation. All the orders of the group except the Trachomedusae 
and the Hydrocorallinae are represented, but the Narcomedusae and the Siphono- 
phora each include only one casual visitor. The true hydroids are better repre¬ 
sented ; among the Calyptoblastic families, the Campanulinidae have a single 
medusa (a casual visitor), and the Catnpanulariidae two hydroids, each belonging 
to a separate genus, as well as a medusa that may very well be co-specific with one 
of the hydroids. One Calyptoblastic hydroid is a casual visitor, while another 
establishes itself in the outer channel, in which a medusa belonging to the same 
group was also found as a casual visitor, in the salt-water season. The Gymnoblastea 
are represented by three hydroids, two of which are permanent inhabitants of the 
main area of the lake, while the third was found only in the outer channel and 
in the salt-water season. 

Most of the casual visitors and periodic immigrants are marine species of wide 
distribution. Of the four free-swimming forms included in these categories one is 
cosmopolitan and one Indo-Pacific, one is widely distributed in the Bay of Bengal 
and the neighbouring seas, while the fourth, though only known as a medusa from 
the outer channel of the lake, is perhaps the other generation of an Indo-Pacific 
hydroid found with it. Of the three fixed forms that are not permanent residents 
two are Indo-Pacific while one was described from Ceylon. 

The two permanent residents, on the other hand, are both species that were 
originally described from the Gangetic delta and are as yet known only as inhabi¬ 
tants of brackish water on the east coast of India. 

Order NARCOMEDUSAE. 

Family AEGINIDAE. 

Genus Solmundella Haeckel. 

Solmundella bitentaculata (Quoy and Gaimard). 

1904. Solmundella bitentaculata , Browne, Faun. Geogr. Maldives and Laccadives 

II, p. 741. Pi- Ivi, fig. 3- 

1905. Solmundella bitentaculata, id., Rep. Ceylon Pearl Fish. IV, p. 153, pi. iv, 

figs. 1-6. 

1910. Solmundella bitentaculata, Mayer, Medusae of the World II, p. 455, fig. 
301 (p. 457). 

An excellent figure of this peculiar little medusa as it appears when contracted 
is given by Browne (1904). In his paper of 1905 he gives further particulars. 
Mayer regards the Aeginopsis mediterranea of Muller as no more than a variety. If 
this is so, the species occurs in ail seas but has become sufficiently differentiated in 
the Mediterranean to be distinguished there as an endemic race. As Mayer points 
out, referring to Vanhoffen’s report on the Narcomedusae of the * Valdivia ’ (Nar- 
comedusen der ‘ Valdivia' Exp., p. 45), “ Solmundella is the most widely distributed 
Narcomedusa known, ranging from the North Atlantic, through the tropical Pacific 
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and Indian Oceans to the Antarctic. Living at temperatures of 27 0 to i°C, and in 
depths ranging from 1,500 fathoms to the surface.” 

A single small specimen was taken in a tow-net on the surface of the outer 
channel of the Chilka Lake near Barhampur Id. on March 14th, 1914. The salinity 
of the water at the time was practically identical with that of the Bay of Bengal 
outside the bar. The medusa must be regarded merely as a casual and perhaps 
involuntary visitor to the lake. 


Order SIPHONOPHORA. 

Family DIPHYIDAE. 

Genus Diphyes, Cuvier. 

Diphyes bojani (Chun). 

1911. Diphyes bojani , Bigelow, Mem. Mus. Zool. Harvard, XXXVIII, No. 2, 
p. 251; pi. vii, figs. 2, 3; pi. viii, fig. 6; pi. ix, figs. 1, 2; pi. x, figs. 2, 
3 1 pl- xi, fig. 5; pi. xii, fig. 1. 

The synonomy of this species is discussed by Bigelow in the paper cited. Our 
specimens agree well with the figure of Diphyes gegenbauri published by Lens and 
Van Riemsdijk in their report on the Siphonophora of the *Siboga ’ ( Siboga-Exp. LX, 
pl. vii, fig. 57), or in some cases with that of Doromosia pictoides {op. cit., pl. i, 
fig. 1). The species is evidently a variable one and the shape of the anterior necto- 
phore depends to some extent on the condition of preservation of specimens. 

In our collection from the Chilka Lake I have found anterior nectophores only. 

D. bojani is widely distributed in the Indo-Pacific Region. It is not a per¬ 
manent inhabitant of the lake, but is to be found in considerable numbers in the 
outer channel in the salt-water season. It was usually present in our tow-nettings 
obtained there in March, 1914. 

Order CALYPTOBLASTEA. 

Family C AMP A NULINID AE • 

Genus Campanulina, van Beneden. 

1868. Campanulina, Hincks, Brit. Hydr. Zooph., p. 186. 

Campanulina ceylonensis (Browne). 

1905. Irene ceylonensis, Browne, Rep. Ceylon Pearl Fish., p. 140, pl. iii, figs. 
9-11. 

1905. Irene palkensis, id., ibid., p. 141, pl. iii, figs. 12-16. 

x 9 ° 7 - .» ceylonensis, Annandale, Journ. As. Soc. Bengal (n. s.) Ill, p. 79 , 

pl. ii, fig. 5. 

I 9 ° 7 - ,, ceylonensis , id., Rec. Ind. Mus. I, pp. 38, 142, fig. 2. 

1910. Phortis palkensis 4- Ph. ceylonensis, Mayer, Medusae of the World, p. 309. 
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The position of the medusa of this species is somewhat enigmatical. Browne 
placed it in Irene (or Eirene), and Mayer, relying wholly on Browne’s description, 
in Phortis. It seems to me to have affinities with Tima ,' but does not altogether 
agree with that genus, although its gonads, when fully adult, reach practically from 
the base of the manubrium to the edge of the disk ; there are no cirri and no conspicu¬ 
ous band of longitudinal muscles on the lower side of the tentacles. I have, how¬ 
ever, been able to detect a very thin band of the kind in this position. As the 
liydroid is merely a dwarfed Campanulina, it seems best to place the species in that 
genus, in which the adult medusae have not been satisfactorily identified. 

The hydroid 1 forms a minute colony barely visible to the naked eye. It con¬ 
sists of a sparsely branching adherent rhizome that gives origin at intervals to single 
hydrothecae borne on short ringed pedicels about one-seventh as long as the cup. The 
hydrothecae are nearly cylindrical and can be closed above by an operculum con¬ 
sisting of several triangular flaps. The hydranth has about 14 very long slender 
tentacles with regular rings of stinging-cells and but slightly webbed at the base. 
The hypostome, which is conical, is small and inconspicuous. 

Medusae from Port Canning in the Gangetic delta exhibited every gradation 
between Browne’s two nominal species (1907 (2), pp. 140, 141). An increase in the 
number of concretions in the otocysts was regularly correlated with the production 
of extra tentacle-bulbs that did not reach their full development. Both changes 
were apparently due to degeneration and took place towards the end of the season 
at which the medusa flourished (December to March), when the water of the pools 
in which it was found began to grow hot. 

The hydroid was found on the leaves and stems of water-plants at Port Canning 
in November, December and January. Both medusa and hydroid have now dis¬ 
appeared from the pools. 

The medusa is common off the coast of Burma in winter. It was taken in the 
Gulf of Manaar and Palk Straits in March and July. At Port Canning, the only 
locality at which the hydroid has been found, both generations flourished for a time 
in brackish water. Neither was, however, found in the main area of the Chilka Lake 
and the species is represented in our collection by a single medusa that was taken 
in the outer channel, in salt water, in March. 

In the second of my papers published in 1907 I dealt with the feeding habits of 
the medusa, which sucks out the contents of filamentous algae as well as swallowing 
small Gastropod molluscs and finally ejecting their shells. It is the hardiest medusa 
with which I am acquainted and will survive for some hours corked up, several indi¬ 
viduals together, in a small tube carried in the waistcoat pocket. 

1 For definitions of the different medusoid genera here referred to see Mayer’s Medusae of the 
World II, pp. 307, 311, 314. 

1 All my specimens of this hydroid are now in the hands of Dr. Ritchie of the Royal Scottish 
Museum, who will, I hope, give a full description in his account of the shallow-water hydroids of the 
Indian Seas. Dr. Ritchie will describe shortly in the Records of the Indian Museum a minute and very 
interesting hydroid from brackish water in the Gangetic delta. 
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Family CAMPANURARIIDAE. 

Genus Obelia, Peron and Eesueur. 

Obelia spinulosa (Bale). 

1888. Campanularia (?) spinulosa, Bale, Proc. Linn. Soc. N S. Wales (2) III, p. 

756, pi. xii, figs. 5-7. 

1910. Campanularia (?) spinulosa, Ritchie, Rec. Ind. Mus. V, p. 5. 

A single specimen of this species was taken in the main area of the lake in July, 
1913. It grew on a piece of drift-weed stranded among rocks near Patsahanipur and 
though many of the polyps were alive, was in a somewhat degenerate condition. 
A few gonothecae were present but did not contain gonosomes. 

The information that the hydroid is an Obelia I owe to Prof. K. Ramunni 
Menon of Madras, in whose laboratory the medusa has been reared. I have also to 
thank him for the sketch reproduced (fig. 9), which was made from life by his pupil 
Mr. A. V Narayananvami Ayer. 



0 . spinulosa was originally described from N. S. Wales and has since been 
recorded from Java and the Andamans. It is very common (with Clytia geniculata, 
Thornely) in Madras harbour, in which it grows on the shells of mussels, etc. 

Genus Clytia, Eamouroux (Hincks). 

1868. Clytia , Hincks, Brit. Hydr. Zooph., p. 140 (Hydroid). 

1910. ,, Mayer, Medusae of the World II, p. 261 (Medusa). 

Clytia serrulata (Bale). 

(Plate ix, figs. 1, 1 a, 1 b.) 

1888. Campanularia (?) serrulata y Bale, Proc. Linn. Soc. N S. Wales (2) III, 
P- 2 57 > pl- xii, fig. 4. 

So far as can be judged from well-advanced embryos in the gonothecae, this 
species is a Clytia; it is certainly neither a Campanularia nor a Gonothyraea. The 
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possibility of its being the liydroid of a Phialidium is not, however, excluded, and it 
may be the vegetative generation of the medusa described below as Phialidium cruci- 
ferutn. Of this there is no direct proof, but the fact that the medusae and hydroid were 
found together in a fauna so poor as that of the Chilka Lake is at any rate noteworthy. 

The hydrothecae and the other purely vegetative parts of the colony agree well 
with Bale’s description and figures. The hydranth is much stouter in structure 
(pi. ix, fig. 1) than that of Obelia spinulosa and has a wider and more trumpet-shaped 
hypostome. The tentacles are less attenuated. The basal part of the hydrotheca 
is separated off from the remainder by a delicate membrane. 

The gonothecae are mostly produced in groups and arise directly from the anasto¬ 
mosing rhizome. They are placed vertically on very short, obscurely annulated stalks. 
Sometimes they also arise on the stems, near the base of the stalks of the hydro¬ 
thecae ; in this position their stalks are longer and more distinctly annulated. They 
are somewhat variable in form, and often distinctly irregular and asymmetrical 
in outline. Generally speaking, they may be described as being narrowly oval, ca. 
4 times as long as broad and truncate distally, with a slight constriction hear 
the distal extremity and sometimes another about half way down. They vary in 
length from 0 68 mm. to o - 85 mm. There are no annuli on the surface. 

In the specimens of an Obelia from New Britain assigned by Miss Thornely 1 to 
this species the hydrotheca was evidently much shorter than in Bale’s types. 

Clytia serrulata was originally described (with Obelia spinulosa) from New South 
Wales. We found a considerable number of specimens at two stations in the outer 
part of the outer channel of the Chilka Lake in March, 1914, in salt water. The 
species is probably a periodic immigrant into this part of the lake. 

The original Australian specimen was growing on another hydroid ( Tubularia ). 
Ours were on a fragment of Pennaria that had been washed in from the sea, on roots 
of grass, a dead leaf and dead Lamellibranch shells Many hydranths of those taken 
at the mouth of the lake contain larval appendicularians in the gastric cavity and 
these animals would seem to constitute an important element in the food of the 
species. 

Genus Phialidium, Leuckart. 

1910. Phialidium, Mayer, Medusae of the World II, p. 265. 

Although many medusae of this genus have been described none have been 
associated with the hydroid in a satisfactory manner. Probably it is identical with 
Clytia. 

Phialidium cruciferum, sp. nov. 

(Plate ix, figs. 2, 2 a, 2 b.) 

As I have pointed out above, this may be the medusa of Clytia serrulata (Bale). 
Our specimens met with an unfortunate accident, owing to which they are all some- 

1 Obelia serrulata, Thornely, “The Hydroid Zoophytes” etc., in Willey’s Zoological Results, 
p. 453 . pk xliv > fi g- 5 - 
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what distorted. This has made it impossible to obtain a satisfactory profile figure, 
but the medusa possesses several distinctive characters that can be illustrated in 
detail even from our material. 

In outline the medusa resembles Ph. globosum (Mayer) 1 having abundant jelly 
and an evenly curved bell. The manubrium, gonads and tentacle-bulbs are deep 
flesh-colour. The bulbs are tinted with brown externally and there is a dark brown 
cross on the base of the manubrium as seen from the exumbrellar surface. It is 
composed of four pairs of parallel lines of equal length, one pair on the proximal 
part of the roof of each radial canal. As a rule the four lines do not quite meet in 
the centre. Specimens with fully developed gonads are about 6 mm. in diameter. 

The number of tentacles is variable and their arrangement irregular. In all the 
specimens examined a considerable proportion of them are not fully developed and 
the number of perfected tentacles is often different in different quadrants of the 
same individual. The radial tentacles are no longer than some of the others. The 
number, as well as the arrangement, of the otocysts is also variable. Sometimes 
two are situated close together, but more often several tentacles intervene. They 
are very small and inconspicuous. 

The velum is narrow. 

The manubrium is relatively long and has four long deeply-fringed lobes. 

The gonads are narrowly spindle-shaped and about equidistant when young 
from the margin of the bell and from the manubrium. When mature they occupy 
more than half the length of the radial canals and approach the margin, also becom¬ 
ing more band-like and somewhat contorted. 

Type. —No. Z.E.V 6827/7, Ul d- Mus. 

Distribution. —Taken in large numbers on the surface in the outer channel of 
the Chilka Take (Orissa) in salt water, March, 1914. 

This species is apparently related to Ph. indescens, Maas,' 2 from which it differs 
in colour, in its much larger manubrial lips, and probably in other characters. Ph. 
indescens has been found only in the Antarctic Ocean. 

Order GYMNOBLASTEA. 

Family HYDRACTINIIDAE. 

Genus Clavactinia, Thornely. 

Clavactinia gallensis, Thornely. 

1904. Clavactinia gallensis, Thornely, Rep. Ceylon Pearl Fish. II, p. in, pi. i, fig. 3. 

In sorting out our collection we found on several small shells colonies of a 
minute Hydractiniid that agrees with Miss Thornely’s description sufficiently well. 
The animal escaped our attention in the field. 

1 Oceania globosa, Mayer, Bull. Mus. Zool. Harvard , XXXVII, p. 51, pi. x, figs. 20, 20a (1900); 
Phialidium globosum (in explanation of plate “ globulosum"), id., Medusae of the. World II, p. 272, pi. 
xxiv, fig. 4. 

2 Exp. Antarct. Belgjca Medusen, p. 12, pi. i, fig. 6 (1906). 
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The colonies are evidently young or dwarfed. Only one bears fully developed 
gonosomes and even in this colony the basal crust is still imperfectly developed and 
remains at many points openly reticulate. In one colony it is still in the primitive 
condition of a branching and anastomosing rhizome bearing upright hydranths at 
intervals. The largest shell to which a colony was attached was only 23 mm. long. 

The largest hydranths are not more than 2 mm. long and the majority are much 
shorter. The number of tentacles is variable, but I have not seen more than 14. 
Their nematocysts are very small. Even when fully expanded the tips are blunt. 

There are no true dactylozooids, but young gonophores were at first sight mis¬ 
taken for them. These individuals have a large central cavity at the base, which is 
somewhat inflated. The region on which the gonosomes are borne is elongated and 
slender. Its tip is blunt and not at all capitulate. In this region the structure 
forms a solid finger-shaped mass. Brownish granules occur abundantly in its inter¬ 
nal cells. Each female gonosome bears three ova. Except in being a little more 
inflated at the base, the whole gonophore, in mounted specimens rendered trans¬ 
parent, somewhat resembles the larger spines but may be distinguished therefrom, in 
the absence of gonosomes, by its basal cavity and by the absence of a thickened 
chitinous external coat. The gonophores are shorter than the largest hydranths. 

Clavactinia gallensis was originally taken in Galle Bay on the west coast of 
Ceylon in two fathoms. Our specimens were found close inshore in not more than 
two feet of water at Satpara in the outer channel of the Chilka Eake. 

The former specimens were attached to shells of Eburna and Neritina ; Miss 
Thornely does not say whether these shells were inhabited. Ours were in most 
instances on shells of Potamides fluviatilis, and in one on a shell of Nassa labecula. 
In both cases small hermit-crabs (Diogenes avarus, Heller) were living in the shells, 
both species of which are abundant at Satpara. The hydroid was present on a small 
proportion only of the shells collected, though many had been appropriated by 
hermit-crabs. Our specimens were taken in March, in water practically as salt as 
that of the upper part of the Bay of Bengal at the same season. It is probable, in 
view of the immature condition of most of the colonies in March, that the planulae 
are brought in by the tide in the season of salt water and that the species does 
not survive the irruption of fresh water that takes place later in the year. 

A minute Campanularian hydroid accompanied Clavactinia on one shell, but the 
specimen was unfortunately too imperfect for even partial identification. 

Family CORYNIDAE. 

Genus Dicyclocoryne, nov. 

This genus may be defined as consisting of Corynidae in which the tentacles of 
the hydranth are all capitate and are disposed in two quite distinct circles. The 
gonosomes, which are borne on the proximal part of the hydranths, are free medusae 
and have, when liberated, four short, stout capitate tentacles, one at the end of each 
radial canal, but no ectodermal ocelli. The manubrium, at the same stage, is short, 
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conical and apparently imperforate. Nothing is known of the development of the 
gonads. 

Type-species.—Syncoryne filamentata , Annandale. 

The genus is at present known only from brackish water on or near the east coast 
of India. 

Dicyclocoryne filamentata (Annandale). 

(Plate ix, figs. 4, 4a, 46, 4c.) 

1907. Syncoryne filamentata , Annandale, Rec. Ind. Mus. I, p. 139, figs. 1, 2. 

The colonies of this species often have a peculiarly lax appearance owing to the 
fact that the rhizome is adherent only in places and is sometimes produced into long 
filamentous free processes that bear terminal polyps. These, or rather the stalks 
from which they arise, may again become attached at their base to the object on which 
the colony is growing, so that loops of free rhizome are formed. The whole colony, 
except of course the hydranths, has a fairly thick chitinous investment. The 
rhizome branches sparingly and does not anastomose. Short vertical stems are pro¬ 
duced at intervals, but as a rule bear only one (terminal) hydranth. A second 
(lateral) polyp is, however, sometimes present. The stems and rhizome, including 
the free portions of the latter, are often irregular in outline without being exactly 
annulate. Their diameter does not exceed 019 mm. 

When fully expanded the hydranths are slender and spindle-shaped. They have 
a well-developed sheath of ectocyst at their base. As a rule there are about four 
tentacles in the proximal and six in the distal circle, but the number is variable and 
individual hydranths are occasionally found in which they are aborted and reduced 
in number. When normally developed they are capable of great extension and even 
in contraction the cylindrical part of the tentacle is longer than the terminal swell¬ 
ing. The latter is very large, circular and somewhat flattened The largest hy¬ 
dranths are probably never more than 2’5 mm. long. 

The gonosomes are borne at the bases of the proximal ring of tentacles or 
distinctly below them at the base of the hydranth. 

The medusa is about 04 mm. in diameter when liberated. Its bell in life is 
slightly deeper than broad. In profile, the sides, except in extreme contraction, are 
nearly straight and the upper outline moderately convex. The cross-section is sub- 
quadrate. The surface is minutely tuberculate but has no conspicuous projections 
or specialized organs. The velum is broad. There are no marginal processes of 
any kind between the tentacles. 

The tentacles are incapable of great elongation and in all circumstances remain 
shorter than the bell. They are somewhat flattened from without inwards and bear 
on each side a series of minute projections which decrease in size from above down¬ 
wards. The terminal expansion, which is full of large nematocysts, is circular and 
somewhat flattened from above downwards. The tentacle-bulbs are relatively large 
but lack all traces of ocelli. As a rule they contain one or several large nematocysts. 
Immediately below them there is a broad band of stinging cells; below this band 
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there is another narrower and less prominent one of the same nature. In the 
living animal the two bands can hardly be distinguished. 

The endodermal parts are colourless. The manubrium is a stout conical body 
much shorter than the bell. Its walls are very solid and I can detect no orifice. 
There is, however, a relatively large lumen at the proximal end. 

The radial canals are simple and slender. 

Types. —Hydroid, No. Z.E.V 2424/7: Medusa, No. Z.E.V 2436/7, Ind. Mus. 

This species is closely allied to those that form the genus Syncoryne (Ehrenberg) 
as restricted by Allman, but the hydranth is distinguished from their hydranths by 
the arrangement of the tentacles. The medusa is distinguished from Sarsia, Lesson, 
by its capitate tentacles and lack of ocelli. 

Distribution .—The hydroid, from which medusae were hatched in Calcutta, 
was originally found in a small artificial pool of brackish water at Port Canning 
in the Gangetic delta. In the Chilka Lake we found the hydroid, with developing 
medusae, on two occasions in the main area, in Rambha Bay and near Pigeon 
Island, in both cases on the surface. 

The type-specimens, which were taken in December, 1907, were growing on a 
grass-stem in water of low salinity. Our examples from the Chilka Lake are on a 
leaf of Halophila ovata and on the stem of an indeterminate water-plant. They were 
collected in July, 1913. The salinity of the water was not ascertained at the time, 
but in July, 1914, the specific gravity in Rambha Bay was about 1015. The species 
is evidently scarce in the lake, but is probably a permanent resident in the main 
area. 

Family BOUGAINVILUIDAE. 

Genus Bimeria, Wright. 

1868. Garveia -f Bimeria , Hincks, Brit. Hydr. Zooph., pp. 101, 103. 

1871. Garveia -f Bimeria , Allman, Mon. Gymn. Hydr., pp. 249, 297. 

1902. Bimeria , Torrey Zool. Pub. Univ. California I, p. 20. 

1905. Perigonimus (in part), Motz-Kossowska, Arch. Zool. experim. (4) III, 
p. 71/ 

1905. Pruvotella, id., ibid., p. 77. 

1907. Bimeria, Browne, Journ. Mar. Biol. Ass. Plymouth VIII, p. 19- 

Bimeria fluminalis, sp. nov. 

(Plate ix, figs. 3, 3 a.) 

1907. Bimeria vestita, Annandale (nee Wright), Rec. Ind. Mus. I, p. 141, fig. 3 - 

I am acquainted with two phases of this species, a luxuriant bushy form and a 
dwarfed one consisting of simple pinnate stems arising at intervals from an adherent 
rhizome. 

In the latter phase the stems are never much more than 20 mm. high and 
may be reduced to stalks less than a millemeter long and bearing only a terminal 



112 


Memoirs of the Indian Museum. 


[VOL. V, 


hydranth. The bushy masses of the more robust phase may, on the other hand, 
reach a length of 20 cm. In both phases the stems are single and even when the 
colony is most luxuriant they never become agglutinated or even intertwined, its 
luxuriance being due solely to the profuse production of stems from the rhizome and 
their still more profuse branching in one plane. Even the largest masses are soft 
and lax, for the stems and branches are not thickened, and it is only when the former 
are very short that they are at all stiff. 

The chitinous investment of the hydrophyton, though not hard, is thick and 
brown. It extends up the stalks of the hydranths, round the base of the latter and 
for a short distance up the tentacles, on which, however, it is thin and almost colour¬ 
less. Consequently the exact point it reaches can be detected with difficulty. When 
the hydranths are contracted the thin investment of their bases is to some extent 
invaginated into the thicker and stiffer covering of the stalk (pi. ix, fig. 3). 

The hydranths are spindle-shaped and fairly slender when fully extended, their 
tentacles are capable of great elongation. As a rule the tentacles, which are borne 

in two alternating circles, are 8 or 10 in number. 

The base of the stems and lateral branches 
is always annulated for a short distance, but the 
annulation is often very obscure. So far as I can 
see it is never spiral. This is also the case with 
the stalks of the gonophores, which (the stalks) 
are always shorter than the gonothecae. 

These thecae are borne at the base of the 
considerably longer stalks of the hydranths. 
When immature they are almost spherical and 
when mature vary considerably in size and out- 
Fig, 10 .—Bimeria fluminalis, sp. nov. line. Generally speaking, those of the female 
Male gonophore, from a stained speci- gonophores tend to become cjdindrical as the 
men - ovum ripens, whereas those of the male gono¬ 

phores assume an ovoid form with the growth of the gonad and become almost 
pointed distally. There is usually a small pimple-like projection at the extreme 
tip, especially in mature male gonothecae (fig. 10). 

Traces of the circular canals persist at the base of the gonophores but are 
not well developed. In both sexes the spadix is a simple cylindrical or somewhat 
spindle-shaped body. In the female gonophore, which produces a single egg, the 
spadix extends up one side of the egg and arches over it slightly. The distal ex¬ 
tremity is slightly emarginated outwardly, so that the spadix has precisely the shape 
of the human finger (pi ix, fig. 3a). In this sex it is of an orange or brownish colour. 
The ovum and the young planula are usually white but, at any rate in the bushy 
form of the species, sometimes have a bluish tinge. The spadix of the male gonophore 
is symmetrical and somewhat less curved; it extends up the interior of the 
gonophore nearly to the tip of the latter and is invisible externally in the living 
animal. 
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I yf>e. No. Z.EA 6643 7 Ind. Mus. The specimen belongs to the bushy 
phase and was taken in a canal of brackish water on the outskirts of Calcutta. 

Btmena fluminalis is common in both phases in canals, creeks, pools and back¬ 
waters of brackish water in the Gangetic delta. In the Chilka Lake the dwarfed 
form is abundant, especially in the main area, at all seasons. 

The species is closely allied to Bimerm vcstita , Wright, the type of its genus, 
which occurs in the North Sea and Irish Channel and in the Mediterranean and has 
been recorded from the Pacific side of South America. 1 

From the British form it differs only, so far as the hydrophyton is concerned, in 
the more obscure annulation of the stems and the thinner and less conspicuous cover¬ 
ing of the base of the hydranth and the tentacles. The cup-like invagination 
produced at the base of the contracted hydranth is doubtless correlated with the 
latter feature and is certainly not a generic character. Until I was acquainted with 
the structure of the gonophore in both sexes I was of the opinion (see Faun. Brit. 
Ind., Fresftw. Sponges, etc., p. 140; 1911) that the Indian hydroid was at most a 
local race of the British one, but the spadix differs in the two, for in the male of 
B. vestita (fide Allman) it is branched instead of being simply cylindrical, while in the 
female/ instead of forming a cylindrical process on one side of the ovum, it forms a 
symmetrical cup in which the ovum rests. 

B. fluminalis plays much the same part in the aquatic fauna of the Gangetic 
delta as Cordylophora lacustris does in that of the estuarine tracts at the mouths 
of the Thames and the Mersey. It reaches its maximum development on 
submerged timber and there provides a support or a refuge to numerous fixed and 
free Protozoa, while the Indian race or species ( bengalensis ) of the Polyzoon Victorella 
grows on its branches just as V pavida does on those of Cordylophora in England. In 
the Chilka Lake the dwarfed form of the hydroid is found on rocks and stones and on 
the stems of water-plants, avoiding only those spots reached by direct sunshine. 
On stones it is confined to the lower surface, but on rocks it often covers vertical 
faces. In the Gangetic delta, where there are no stones, this form is usually found 
on hard artificial objects such as bricks and potsherds but also grows on water- 
plants in pools. I have never seen the species in places where the water was perma¬ 
nently fresh, but it flourishes in a medium of very slight salinity and can exist for a 
considerable period in fresh water. The positions it affects in the Chilka Lake are for 
the most part the same as those affected by Laxosuberites lacustris, except that, 
when the lake is full, it grows higher up the rocks than the sponge. The rhizome 
is very often completely buried in the sponge, through which the branches protrude. 
In these circumstances the hydroid is more completely dwarfed as a general rule 
than it is when growing free; often the hydranths die and the branches disintegrate, 
leaving only the rhizome, which retains its vitality and doubtless produces new stems 
if anything happens to the sponge. 

1 Hartlaub, Zool. Jahrb., Suppl. VI, p. 534 (1905). 

4 1 can find no published description of the female gonophore of B. vestita. My statement is based 
on a specimen from Port Erin that Mr. F. H. Gravely has kindly lent me. 
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The maximum vegetative growth of the hydrophyton, which in favourable con¬ 
ditions must be rapid, takes place in the lake in the salt-water season, but gono- 
phores are produced in the greatest numbers at the time when the lake is inundated 
with fresh water. Indeed, the most favourable conditions for their production seem 
to be those most unfavourable for the survival of the hydranths. In the northern 
part of the main area in September, when the water was quite fresh, we found both 
male and female colonies covered with gonophores on stems of drift-weed that had 
been carried by the wind into corners among rocks and had begun to decay. Most 
of the hydranths had perished, but most of the gonads were developing normally, 
though a few were degenerate, especially in the male colonies—a circumstance that 
occurs even in conditions that seem to be more normal. In active colonies growing 
in water of moderate salinity gonophores were never found in profusion so great, but 
many are present on the type-specimens, which were taken in water of a specific gra¬ 
vity of 1 006. In these they are almost entirely confined to those parts in which the 
organism is congested by its own luxuriant growth. They are accompanied by few 
hydranths, though the younger and freer parts of the colonies were evidently in full 
nutritive vigour and well supplied with active polyps. It is thus clear that in 
Bimeria fluminalis , as in many other species, sexual reproduction is stimulated by 
changes in environment that ultimately prove fatal to the colony. 



EXPLANATION OF PLATE VI. 

Actiniaria and Medusae. 

Fig. i. —Pelocoetes exul (Annandale). 
Specimens from the Chilka Lake, nat. size. 

Fig. 2. — Halt ant hus limnicola, sp. nov. 
Type-specimens, enlarged. 

Fig, 3.— Edwardsia tinctrix , sp. nov. 
Type-specimens, enlarged. 

Figs. 4-6.— Acromitus rabanchatu , sp. nov. 

4. —Half-grown specimen divided longitudinally (nat. size). 

5. —Young specimen in Semostoman stage, much enlarged. 
5a.—Same specimen as seen from above. 

6. —Slightly older specimen seen from below. 
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COELENTERATES OF THE CHILKA LAKE. 





EXPLANATION OF PLATE VII. 

Actiniaria. 

Fig. i. — Metridiam schillerianiim (Stoliczka). 

Solid transverse section through the lower part of the column. 

The sulcus and sulculus are shown at the ends of the longer axis of the stomodaeuni. 

Fig. 2.— Phytocoetes chilkaeus, sp. nov. 

Vertical section of the body-wall in the region of the sphincter, x 75- 

Figs. 3, 3a, 3b. — Pelocoetes exul (Annandale). 

3. —A living anemone in a contracted state (nat. size), showing the loose colum¬ 

nar sheath. 

The figure is from a sketch made ad nat. by Mr. G. M. Henry. 

з а. —Transverse section of a part of the body-wall in the lower region of the 

column, x 100. 

зб. —Vertical section of the body-wall of a small portion of the muscular (upper) 

region of the column, x 250. 

Figs. 4, 4a, 4b. — Halianthus limnicola , sp. nov. 

4. —Vertical section of the body-wall in the region of the sphincter (highly 

magnified). 

4a.—Transverse section of a mesentery passing through the trilobed region of the 
filament (highly magnified). 

4 b .—Transverse section through a male gonad (highly magnified). 

Figs. 5, 5a, — Edwardsia tinctrix, sp. nov. 

A papilla on the column as seen in profile in a specimen mounted in Canada 
balsam, showing the nematocysts discharging their threads, x 250. 
Transverse section of a papilla passing a little to one side of the centre of the 
lumen, x 250. 

Figs. 1, 2, 3 a, 3 b, 4, 4 a, 4 b, and 5 are taken from specimens in which the column-wall was in 
a state of high contraction. 


5 — 

5 a — 


Lettering. 

c.m.=circularmuscle: ec.=ectoderm: en.=endoderm: i.me.=incompletemesen¬ 
tery : m.=mesogloea: me.=complete mesentery: n.=nervous layer: p.=cavity of 
papilla: sc.=remains of nematocyst: sp.=sphincter. 







EXPLANATION OF PLATE Vila. 

Actiniaria. 

Fig. i.— Gyrostoma glaucum, sp. nov. 

A specimen from the main area of the Chilka Lake, x 2. 

Fig 2. — Metridium schillerianum (Stoliczka). 

Thick vertical section through one half of the column of a specimen with fully 
expanded tentacles (enlarged); mounted unstained in Canada balsam. 

The section passes through an intermesenterial chamber. The dark mass in the chamber is a 
much contorted acontium. 

Figs. 3, 3a, 3b. — Phytocoetes gangeticus , sp.nov. 

3. —Type-specimens of the species preserved in formalin, x 2. 

3a.—A living specimen attached to the root of a reed and half buried in mud ; the 
tentacles retracted, x 2. 

In this figure the cinclides appear as small white spots on the upper part of the column. 

3 b .—A young specimen stained with borax-carmine and mounted in Canada 
balsam, x ca. 5. 

Fig. 4.— Phytocoetes chilkaeus, sp. nov. 

Type-specimens from the main area of the Chilka Lake, x ca. 2. 

Fig. 5 — Edwardsia tinctrix , sp. nov. 

Transverse section (somewhat oblique) through the lower extremity of the 
stomodaeum, highly magnified. 

All the figures in this plate are from direct photographs of specimens or preparations. 

Lettering. 

b. = basal disk: c.= fold of body-wall that appears when the tentacles are 
extruded: sp. = sphincter: st = lower extremity of stomodaeum, 




Photo by S C Mordui. 


ACTINIARIA OF THE CHILKA LAKE. 
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EXPLANATION OF PLATE VIII. 

SCYPHOMEDUSAE. 

Acromitus rabanchatu , sp. nov. 

Fig. i. —Adult specimen (reduced). 

The specimen has been preserved in formalin for some time and the bell was therefore flatter than 
in life. 

Fig. i a .—Plan of the disk of the same specimen seen from below on the removal 
of the arms. 

One octant (X) of the margin has been removed. 

„ ib. —A single arm seen in profile. 

,, ic. —The tip of an arm (enlarged) seen from in front. 

,, id .—Sense organ as seen from above (greatly enlarged). 

,, 2.—Arms of a very young medusa in the Semostoman stage as seen from 

below (much enlarged). 

Figs. 3, 3a, 36.—Arms of a young medusa at a somewhat later stage of develop¬ 
ment. 

Lettering. 

f.=terminal filament of arms: t.=short lateral filaments. 





EXPLANATION OF PLATE IX. 

Hydrozoa and Ctenophora. 

Figs, i, ia, ib. — Clytia senulata (Bale). 

1. —Hydrothecae and hydranth (much enlarged). 

i a, i b. —Gonothecae from the same specimen (same magnification). 

Figs, 2 , 2a, 2b. — Phialidium cruciferum, sp. nov. 

2. — Type specimen of medusa as seen from below (much enlarged). 

2 a .—Part of the margin of the bell in a slightly younger medusa (further 
enlarged). 

2 b .—Dorsal surface of stomach of the type specimen with proximal part of 
radial canals (same magnification as in fig. i). 

Figs. 3, 3a. — Bimeria fluminalis, sp. nov. 

3. —Terminal part of a colony from the Chilka Lake (enlarged). 

3a. —Female gonosomes from a living specimen from near Calcutta examined 
under pressure (at a slightly greater magnification). 

Figs. 4, 4a, 4b, 4c. — Dicyclocoryne jilamentata (Annandale). 

4. —Hydranth bearing gonosomes (much enlarged). 

4a.—Terminal part of a tentacle of the same hydranth (further enlarged) as seen 
from in front. 

4 b .—Young medusa (much enlarged). 

4 c .—A tentacle of the same specimen seen from the inner surface (further 
enlarged). 

Fig. 5. — Pleurobrachia globosa, Moser var. bengalensis, nov. 

Lateral view of a specimen preserved in formalin (enlarged). 
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FAUNA OF THE CHILKA LAKE 

CTENOPHORA. 

By N. Annandale, D.Sc., and Stanley Kemp, B.A. 

(Plate IX, fig. 5.) 



(TEN OP H OR A. 

By N. Annandale and Stanley Kemp. 

The only member of this group represented in our collection i§ a representative 
of the order Cydippidea and of the genus Pleuvobyachia , Flemming, forming a race of 
P. globosa, Moser a species originally described from the Malay Archipelago. For 
this race we propose the name bengalensis, as it occurs on at least one side of the Bay 
of Bengal and differs from the form found in the Gulf of Manaar to which Browne 1 
has given the name ceylonensis. 

Plenrobrachia globosa bengalensis must be classed as a periodic visitor to the 
Chilka Lake, over the whole of which it is found for a great part of the year. In the 
fresh water season, however, it disappears, and does not re-appear until the water 
has regained a certain salinity. F'roin observations made in the Ennur backwater, 
near Madras, in January, 1915 it would seem that it is able to live in a medium of 
sp. gr. 1-0045, but not in one of 10025. 

In the outer channel of the lake, in the salt-water season of 1914, we captured 
in our tow-nets on several occasions a species of the order Lobata but the animal 
was so fragile that we failed to preserve specimens. In formalin it seemed literally 
to melt away and all attempts at narcotizing it had the same effect. 

Pleurobrachia globosa, Moser. 

1903. Pleurobrachia globosa, Moser, Siboga-Exp., XII (Ctenophora), p. 7, pi. i, figs. 1-4. 

The typical form of this species has not been found in the Indian Ocean. We 
have already alluded to the race endemic in the Gulf of Manaar. 

Race bengalensis, nov. 

(Plate ix, fig. 5.) 

In all the more important structural features (viz. the relative position of the 
tentacle-sheaths, of the tentacle-openings, the canals and the stomodaeum and the 
proportions of the tentacle-sheaths) this race agrees with the typical form of the 
species, from which it differs in all the points noted by Browne in his description of 
his variety ceylonensis. From that form, however, it differs in that in the vast 
majority of individuals, the costae are still longer, being about twice as long as in the 
typical form and at least a quarter longer than in ceylonensis. The length of the 
meridional canals, which extend for the whole length of the costae, is also relatively 
longer than in the latter,, but the opening into them of the adradial canals is also 

1 Herdman’s Ceylon Pearl Fisheries IV, p. 161 (1905). 
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median. In most individuals each costa consists of about 28 ciliated plates, which 
diminish gradually in size towards both extremities. Neither the number of plates 
nor the exact proportions of the costae are quite constant and individuals occur in 
which one or more of the costae are shorter than the others; in one individual 
examined the number of plates varies from 16 to 23. In all our specimens the 
tentacle-base is pressed more or less closely against the stomodaeum and is, perhaps 
for this reason, concave, but in the living animal its precise relative position, like 
the precise outline of the whole organism, is liable to almost constant change. The 
tentacles are capable of great elongation; processes are absent from a considerable 
part of the distal half, but are uniformly developed on the remainder of each ten¬ 
tacle; to judge from specimens in which they are contorted, they are cylindrical and 
capable of being coiled in a close spiral with many whorls. In life the tentacles are 
yellow and the remainder of the animal colourless. 

The longer axis never exceeds 1 cm. in length. 

We have examined specimens of this form from the coast of Orissa and from the 
Ennur backwater near Madras, as well as from all parts of the Chilka Lake. The 
animal swims as a rule from 2 to 4 feet beneath the surface 

In many of our specimens taken in July the jelly, more particularly in the 
neighbourhood of the stomodaeum, funnels and tentacle-sheaths, contains a large 
number of minute and apparently immature Distomid trematodes. They are ac¬ 
companied by eggs, hardly smaller than themselves, resembling those found in the 
canals of the young of Acromitus rabanchatu (p. 102, antea). On the external surface 
of a few individuals we found Protozoa of the genus Trichodina. 

The type-specimens of the race are numbered Z.E.V 5936/7 in the books of 
the Indian Museum. 



FAUNA OF THE CHILKA LAKE 

THE POLYZOA OF THE LAKE AND OF BRACKISH WATER 
IN THE GANGETIC DELTA. 

By N. Annandale, D.Sc., F.A.S.B. 

(With 3 text-figures.) 
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POLYZOA. 


By N. Annandale. 

Eight species of Polyzoa have been found in brackish water on the coasts of 
India, but of these only three occur, so far as we know, in the Chilka Lake. A 
fourth was abundant some years ago in small pools of brackish water near its 
inner shore, but has now disappeared and has not been taken in the lake itself. 

A list of the eight species will be found in the Table of Contents on the opposite 
page. One half of these species are apparently endemic in estuarine tracts, maritime 
swamps and lagoons in India, while the other half are cosmopolitan or at any rate 
very widely distributed. The two series may be tabulated thus:— 

Endemic Indian Species. Widely Distributed Species. 

Membranipora bcngalensis , Membranipora hippopus, 

VictoreUa bengalensis, Bowerbankia caudata, 

Loxosomatoides colonialis, Alcyonidium mytili, 

Loxosomatoides laevis. Barentsia discreta. 

With one exception the genera are cosmopolitan. The exception is Loxosoma¬ 
toides , which is only known from estuarine tracts and lagoons on the east coast of 
India. The two species of this genus, as well as the two other endemic forms in the 
list, have been found only in water of slight or variable salinity, while all the 
cosmopolitan species are known to occur in the sea. Loxosomatoides is closely related 
to the North American freshwater genus Urnatella. 

The species found in the Chilka Lake are Loxosomatoides laevis, Membranipora 
hippopus and Alcyonidium mytili , while the one that formerly occurred in pools in 
the vicinity was Bowerbankia caudata. The first three of these are abundant or at 
least fairly common in both divisions of the lake, among the permanent inhabitants 
of which they must all be included. L. laevis also occurs in lagoons near Madras 
and is closely related to the Gangetic L. colonialis. The absence of Vidorella and 
of M. bengalensis is rather strange, for both forms occur almost certainly at Bombay, 
while the Ctenostome has also been found at Madras. Both are very abundant 
where they do occur, and neither could well escape the notice of a collector accus¬ 
tomed to look for it. Possibly their absence is due to lack of suitable food. 

The only important biological fact I have to add to our knowledge of these 
brackish-water Polyzoa is that Loxosomatoides produces resting buds. The struc¬ 
ture of these buds is discussed on p. 130. 

In addition to the indigenous Polyzoa of the lake we found within its boundaries 
specimens of two other species a marine Cheilostome and a freshwater Phylactolae- 
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niatous form. As the presence of both in the region to be considered was evi¬ 
dently adventitious, they may be dismissed here in a few words. 

The marine species was Membranipora tuberculata , Bose, a form common in the 
Atlantic and already recorded from Indian seas by Miss Thornely 1 . A number of 
young colonies were observed on a stick that had been washed in at the sea-mouth 
opposite Arakhuda. The species lives attached to floating objects, especially algae 2 3 ; 
Miss Thornely’s specimens, though taken over deep water, were on a floating Fucus 
and evidently came from near the surface. 

The Phylactolaematous form I recently described under the name Plumatella 
punctata var. longigemmis 6 . It grows luxuriantly in a pond of practically fresh water 
on Barkuda Island, and in September we found its statoblasts in large numbers on the 
surface of the main area, on to which they had probably been blown by the wind. 
We could obtain no evidence that they germinated in the lake and the species can 
hardly be included in the fauna thereof. 


GEOGRAPHICAL LIST OF CHILKA SPECIES. 

m.a.— main area : o.eh.=outer channel: sp. gr. ^specific gravity of water in the lake. 



1 

i Chxi.ka Lake. 

Further Distribution. 

sp. gr. 

ECTOPROCTA. 

Cheilostomata. 

m.a . 

o.ch. 

I 

1 

1 1 


Membranipora hippopus 

Ctenostomata. 

Bowerbankia can data * 

X 

X 

! Cosmopolitan ( marine and es¬ 
tuarine). ^ 

European seas. 

1000—ro275 

Alcyoniaium mytili 

ENTOPROCTA. 

X 

x 

1 

Cosmopolitan (marine). 

1 006—1 - 0275 

Loxosomatotdes laevis 

i 

X 

X 

Madras backwaters (brackish water). 

I'000— I 0275 


* Occurred formerly in pools near shore of main area, not found in lake. 


ECTOPROCTA. 

Cheilostomata. 

Genus MEMBRANIPORA, De Blainville. 

1909. Membranipora , Levinsen, Morph. Syst. Studies Cheilost. Polyzoa , p. 144 
(Copenhagen). 

Both the species of Cheilostomata to be discussed belong to the genus 
Membrampora as restricted by Eevinsen, having the armature of the lateral wall 

1 Rec. lnd. Mus. I, p. 185, fig. 3 (1909). 

* Norman, Journ. Linn. Soc. (Zool .) XXX, p. 287 (1909), 

3 Rec. lnd. Mus. XI, pp. 168, 169, fig, 2 {p. 166), pi. iii, fig. 2 (1915). 
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Fauna of the Chilka Lake : Polyzoa. 




of the zooecium completely covered by a membranous upper or dorsal wall. They 
are readily distinguished by the following characters 

3 / bi ngiilt nsis lorms a slightly ioliaceous colony with a faint silvery lustre and 
is by no means h^ aline. 1 he lip of the zooecium bears a pair of very long 
and slender bifid spines. 

M hippopus forms an entirely flat colony that is transparent and hyaline; 
unless the polypides are gorged with food or forming brown bodies, 
all that is usually visible to the naked eye is a delicate network produced 
by the armature of the lateral walls of the zooecia; the lip bears no 
spines. 

Membranipora bengalensis, Stoliczka. 

i8b(). Membranipora bengalensis , Stoliczka, Jonrn. / Is Soc Bengal XXXVIII 
(2), p 55, pi- xii. 

1907. Membranipora bengalensis, Thornely, Rec. Ind. Mus. I, p. 186, fig. 4. 

1911. Membranipora bengalensis, Anuandale, Faun. Brit. Ind., Freshw. Sponges , 
etc., p. 175, fig. 33. 

This species has not been found in the Chilka Take, but is abundant in pools of 
brackish water in the Gangetic delta, within the limits of which it also occurs in the 
Salt Lakes near Calcutta. It has also been taken in creeks near Bombay, but 
Miss Thornely’s record from Mergui is due to the misreading of an almost illegible 
label. 

Membranipora hippopus, Levinsen. 

1854. Membranipora lacroixii, Busk, B. M. Cat. Polyzoa II, p. 60, pi. lxix, pi. 
civ, fig. 1. 

1880. Membranipora lacroixii, Hincks, Brit. Marine Polyzoa, p. 129, pi. xvii, 
figs. 5-8. 

1909. Membranipora hippopus, Levinsen, Morph. Syst. Studies Cheilost. Polyzoa, 

pp. 144, 146. 

1911. Membranipora lacroixii, Annandale, Faun. Brit. Ind., Freshw. Sponges, 
etc., pp. 23, 175. 

There has been considerable confusion about this species, but Levinsen has 
given good cause for considering it distinct from the one described by Audouin as 
Flustra lacroixii. 

The armature of the lateral wall of the zooecium is very slight, consisting of two 
parallel calcified bands of no great depth, one situated at the base of the wall and the 
other superficial. The area between them remains membranous. Both margins may 
be either smooth, irregular or minutely denticulate; when denticulate they have a 
beaded appearance. In the numerous specimens I have examined I have failed to 
find a single ovicell, but in one a “tower-cell” was present. The small triangular 
abortive zooecia figured by Hincks {op. cit., pi. xxii, fig. 6) occur rarely in Indian 
examples. The polypides have 12 very long and delicate tentacles. 
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The animal is extremely shy and in captivity never extends its tentacles for 
more than a few minutes at a time. If a healthy colony be observed in favourable 
conditions the different individuals will be seen to protrude and retract the lopho- 
phore frequently, but not either rhythmically or in unison. 

Larvae of the Cyphonautes type were taken in our tow-nets at Rambha in 
January, but were very minute and did not provide any definite specific characters. 

M hippopus is in the broadest sense a cosmopolitan species and seems to be 
equally at home in brackish and in salt water. It has been found in the Cochin 
backwaters and in the estuaries of the Ganges, in pools of brackish water, in lagoons 
and on the open coast of Orissa; off the British coasts it occurs both in brackish 
ditches, in the littoral zone and in deep water. It is abundant all over the Chilka 
Lake and flourishes at all seasons, in fresh, brackish and salt water; on the leaves of 
Halophila, the stems of Potamogeton, on reeds, on rocks and stones, on the shells 
(living and dead) of Purpura and in the deserted burrows of Teredo in a wooden post. 
On rocks it is frequently overwhelmed by the rapid growth of sponges, but often 
succeeds for a period in preserving for itself a bare space in the midst of Laxosuberites 
lacustris, which is a very thin encrusting form. 

Ctenostomata. 

Division PALUDICELLINA. 

Family VlCTORELLIDAE. 

Genus VICTORELLA, Kent. 

1911. Victorella, Annandale, Faun. Brit. Ind., Freshw. Sponges, etc., p. 194. 

1911. Victorella, id., Rec. Ind. Mtis. VI, p. 195. 

It is perhaps best, as suggested in my volume in the Fauna of British India, to 
regard this genus as representing a family distinguished from the Paludicellidae by 
the fact that there is only a single funiculus which is not connected with the gonads. 
Braem 1 has recently shown that in Paludicella (as well as in Victorella and occasion¬ 
ally in Pottsiella ) secondary buds may be produced in addition to the three primary 
ones characteristic of the division, and Pottsiella , though it resembles Victorella in 
external characters, agrees with Paludicella in internal anatomy. The separation 
of the two families must, therefore, depend on the structure and position of the 
gonads and funicular strands, and the Victorellidae must for the present be accepted 
as generically monotypic. 

As I have pointed out in the paper cited (1911), the so-called species of Victorella 
are very closely allied and should perhaps be regarded as local races, varieties or 
phases of a single species. The form common in the Gangetic delta appears to be 
indistinguishable from one described from Central Asia and is also very doubtfully 
distinct from an African form found in Tanganyika and in the Egyptian salt lake 
B irket-el- Qurun. 

1 Archiv f. Hydrobiol. und I’lanktonkunde IX, 1913-14. Unfortunately the copy of this paper in 
my possession has been mislaid, and I am unable to refer to the page. 
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Victorella bengalensis, Annandale. 

IQ07. ? I 1 ctor ell a symbiotica , Rousselet, Proc. Zoo/. Soc. London I, p. 255, pi. xv, 

figs- 7*8. 

1908. Victorella bcngalcnsis , Annandale, Rcc. Ind. Mus. II, p. 12, fig. 1. 

1911. Victorella continental is, Braem, Trav. Soc. Nat. St. Petcrsb. XLII, p. 30, 
figs. 18-21. 

1911. Victorella bcngalcnsis . Annandale, Faun. Brit. Ind.,Frcshw. Sponges, etc., 
pp. 191-198, fig. 37. 

1911. Victorella bengalensis , id ., Rcc. Ind. Mus. VI, p. 197, pi. xii, figs. 3, 7, 8. 

I cannot find any definite difference between this species and the form from 
Issyk-kul in Central Asia described by Braem as Victorella continental is. The latter, 
however, seems to have been founded on young colonies just developing from resting 
buds. The features in which V bengalensis differs from Rousselet’s V symbiotica are 
also of problematical value, perhaps depending rather on the direct influence of 
environment than on anything inherent in the organism. In V bengalensis , to use 
the name provisionally, this influence is powerful in determining the method of 
growth, and four distinct phases may be noted. First, there are young colonies de¬ 
veloping from resting buds on objects the surface of which provides abundance of space. 
In these the zooecia are short and almost entirely recumbent, closely resembling those 
of Paludicella in shape. Older colonies vary in accordance with the nature of the 
object to which they are attached. The phase most commonly found resembles a 
thick fur in which the hairs are represented by upright zooecia, and grows on the 
stems and roots of grasses and water-plants and occasionally on the shells of 
Gastropod molluscs. When the colony, attached to supports of the kind, is being 
overwhelmed by mud owing to the deposition of silt in tidal creeks, the stolons of the 
secondary buds become greatly elongated and by their entanglement produce a 
spongy mass; the individual zooecia in this phase of the species are almost entirely 
vertical and often of considerable height. The simplest adult phase is that found 
on the stems of the hydroid Bimeria fluminalis. In it the colony is much more 
diffuse than in the two others, and the zooecia, though mainly upright, are more 
definitely swollen at the base. This phase often approaches very close to the 
European I' pavida, which is commonly found on the stems of Cordylophora lacustris, 
a hydroid that resembles B. fluminalis in ecology and manner of growth. 

I was surprised not to find this Polyzoon in the Chilka Lake ; it is common in 
the tidal area of the Gangetic delta and has been taken at Madras and also probably 
at Bombay. In the Gangetic delta it usually affects brackish water, but has been 
observed with Plumatella in a pond of fresh water near a tidal canal. At Madras 
it was found on the carapace of a freshwater prawn. The food is perhaps restricted 
to diatoms of a kind that were not observed in the lake, but on this point further 
information is desirable. 
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Division VESICTJLARINA. 

Family VESicuearidae. 

Genus BOWERBANKIA, Fane. 

Bowerbankia caudata, Hincks. 

1880. Bowerbankia caudata , Hincks, Brit. Marine Polyzoa, p. 521, pi. lxxv, figs. 
7' 8 - 

1880. Bowerbankia gracillima, id., ibid., p. 5 2 5 j pi- lxxv, fig. 6. 

1907. Bowerbankia caudata, Thornely, Rec. Ind. Mus. I, p. 196. 

1908. Bowerbankia caudata race bengalensis, Annandale, Rec. Ind. Mus. II, 

P- 13 . 

1911. Bowerbankia caudata subsp. bengalensis, id., Faun. Brit. Ind., Freshw. 

Sponges, etc., p. 189. 

In the form I have named bengalensis the zooecia show every gradation between 
those of B. caudata and those of B. gracillima as figured by Hincks, and sometimes 
even surpass the latter in their elongation and relative slenderness. They also vary 
in colour, sometimes being quite hyaline and sometimes having a rather opaque 
brownish tinge. Generally speaking, the zooecia of young or poorly developed 
colonies and of the younger parts of more luxuriant ones are short, relatively stout, 
colourless and transparent, while those of more opulent colonies are longer and rela¬ 
tively more slender; it is only some zooecia that become darkened. I have found 
none in which the “tails” formed branching radicles, but occasionally they are 
forked. The racial name bengalensis can hardly be maintained in view of the varia¬ 
bility of the form to which it was applied. 

Waters 1 has pointed out that at present it is hardly possible to identify some 
of the supposed species of Bowerbankia and that the “ tailed ’ ’ condition of the 
zooecia is by no means confined to Hincks’s caudata. The Indian form, however, is 
constant in its method of growth, except in so far as it is indicated above, and never 
produces upright or hanging branches. The gizzard (i.e. the part bearing horny 
teeth) is about o - o58 mm. in transverse diameter when expanded, the length in this 
condition being considerably less than the breadth, viz. about 0 046 mm. According 
to Waters (op. cit., p. 242) the diameter of the organ is about o-i in B. imbricata “in 
an ordinary non-inflated condition.” The anatomy of the polypide agrees closely 
with that of a specimen from the Irish Sea (Port Erin) lent me by Mr. F. H. Gravely, 
in particular in the structure of the gizzard. The figure of this organ reproduced 
on pi. xii, vol. VI of the Records of the Indian Museum (1911) for comparison with 
those of Victorella and Hislopia was drawn from Mr. Gravely’s English specimen. 

B. caudata, to judge from the few references 1 in literature to it, seems to be a 
scarce species in European waters. In India I have seen it only in the neighbour- 

1 Journ. Linn. Soc. {Zool.) XXXI, p. 241 (1910). 

For references see Waters, op. cit., pp. 248, 249. Most of the works he cites are unfortunately 
not available in Calcutta. 
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hood of Port Canning in the Oangetic delta (where it is abundant with Victorclla 
bengalensis in pools of brackish water) and at Ramblia on the Cliilka Rake. We did 
not find it in the lake itself, but in March, 1909, it was growing luxuriantly on water- 
plants of the genus Nais in pools of slightly brackish water near the shore. These 
pools have now become quite fresh, probably owing to the action of floods, and the 
Polyzoon has disappeared from them. Bowerbaitkia caudnta , though it shares with 
other members of its genus the capacity of living in brackish water is essentially a 
marine species and can only have reached the pools via the lake, in which its 
apparent non-occurrence is therefore somewhat remarkable. 

Division ALCYONELLEA. 

Family Alcyonidiidae. 

Genus ALCYONIDIUM, Eamouroux. 

Alcyonidium mytili, Dalyell. 

1880. Alcyonidium mytili, Hincks, Brit. Marine Polyzoa, p. 498, pi. lxx, figs. 

2, 3 - 

1905. Alcyonidium mytili, Thornely in Herdman’s Ceylon Pearl Fisheries IV, 
p. 127. 

Specimens from the Chilka hake agree well with Hincks’s figures. The poly- 
pides have as a rule 12 to 14 tentacles; Hincks says 15 to 18. 

We found the species fairly common on shells of Potamides (Tympanotonos ) 
fluviatilis at Satpara both in the fresh- and the salt-water season, and on those of 
Purpura (Thais) carinifera near the south end of the lake at all times of the year. 
So far as we could see it was always attached to shells that contained either hermit- 
crabs or their own proper inhabitants. Mr. T. Southwell recently captured at Dia¬ 
mond Harbour in the Hughli estuary a sea-snake (Enhydrina valakadien) to the skin 
of which numerous small circular colonies of this Polyzoon were attached. It would 
seem, therefore, that in the conditions prevalent in the Chilka Fake and in Indian 
estuaries it is advantageous for the organism to be attached to animals possessing 
the power of progression ; but in Europe A. mytili has been found—as its name indi¬ 
cates—associated with sedentary molluscs, and also on algae, stones, etc. 

The species is cosmopolitan. 

ENTOPROCTA. 

Family Urnatellidae. 

1856. Urnatellidae, Allman, Mon. Freshwater Polyzoa, p. 117. 

The family may be defined as follows:— 

Deciduous colonial Entoprocta of fresh or brackish water that produce resting 
buds either by segmentation of the stalk or by the degeneration of a capi- 
tulum; that have a vertical or sloping lophophore with a well-developed 
web-like sphincter at its base, distinct tentacular retractors, a well-defined 
cloaca and a distinct water-vascular system. 
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Only two genera can at present be assigned to this family, namely Urnatella , 
Leidy, from fresh water in North America and Loxosomatoides, Annandale, from 
brackish water in India. 

Genus LOXOSOMATOIDES, Annandale. 

1908. Loxosomatoides , Annandale, Rec. Ind. Mus. II, p. 14. 

Since this genus was described I have been able to compare specimens of Urna¬ 
tella with the types. The relationship between the two genera is evidently very close 
and is shown even in the minute structure of the lophophore and tentacles and in 
the position of the different parts of the alimentary canal. I have not been able to 
detect any trace of a brood-pouch in Loxosomatoides and there is a distinct cloaca, most 
readily seen when the rectum is in a retracted condition. Spaces occur in the lopho¬ 
phore that are clearly homologous with the water-vascular system of Urnatella ', and 
tentacular retractors are conspicuously present. 

Urnatella, therefore, differs from Loxosomatoides mainly in the segmented stalk 
of its polyps and in not possessing either an elongate stolon or a chitinous capitular 
shield. 

Nothing is known of the embryology of either genus, but the asexual method 
of reproduction is similar, though not identical, in the two. In Urnatella the stalks 
of the polyps segment to form resting buds, while in Loxosomatoides buds are formed 
by the degeneration of capitula. It is not yet certain whether any capitulum may 
degenerate for this purpose, or only certain capitula do so, and I have no information 
as to the stage in the development of the capitulum at which degeneration com¬ 
mences ; but it is noteworthy that in one instance a stalk was observed which bore 
three resting buds, arranged in a linear series one in front of the other at its ex¬ 
tremity. It is perhaps legitimate in any case to regard the capitulum in Urnatella as 
the homologue of a single segment of the stalk, or rather to conceive of the segment 
as a degenerate capitulum. 

The species of Loxosomatoides that occurs in the Chilka Lake and the lagoons of 
Madras is not identical with the one described from the Gangetic delta, but the 
two are closely related. They may easily be distinguished one from the other 
by the complete absence from the capitular shield of the Peninsular species 
(L. laevis) of the spines that always occur on that of L. colonialis , and by the much 
more regular ornamentation of the shield in the former species. The normal method 
of growth is also different, for whereas the polyps in L. laevis are borne singly at 
considerable intervals on stalks that arise from one side of a slender rhizome which 
branches sparingly, in L. colonialis , though the unilateral arrangement also obtains, 
the polyps are arranged in groups and the rhizome from which their stalks arise 
is somewhat flattened and irregular and branches rather less sparingly. These 
characters are liable to be obscured if growth is congested or inhibited, but they 
never disappear altogether. 

1 Davenprirt, Bull. Mus. Comp. Zool. Harvard XXIV, pp. 1-44, pis. i-vM (1893). 
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Loxosomatoides colonialis, Annandale. 
Loxosomatoides colonialis, Annandale, Rec. Ind. Mns. II pp 
2-7 


14-19, figs. 


hxcept for what has been said under the generic heading, I have nothing to 
add to my original account of the species. 

L. colonialis has been found as yet only in pools of brackish water at Port Can¬ 
ning in the Gangetic delta. 


Loxosomatoides laevis, sp. nov. 

In general structure this species closely resembles the preceding one, from which 
it differs mainly in the ornamentation of its capitular shield. The differences, how- 



Fig. 1 .—Loxosomatoides laevis , sp. nov. 

Part of type specimen. One of the polyps has been turned back to show the oral surface. 

ever, appear to be quite constant, and I have seen no intermediate forms, though 
the number of examples examined in the field and in the laboratory has been large. 

The polyps (fig. 1) arise singly and at considerable intervals from a creeping 
rhizome that branches very sparingly or not at all. It grows mainly in one direction 
and follows the inequalities of the surface to which it is attached; the upper surface 
is convex, the lower surface flattened; its calibre is small and its surface smooth; 
it is never splayed out at the margins; the thin cuticle that covers it is usually 
colourless, but may be more or less tinged with brown. 

The polyps all face in the same direction, away from the side of the rhizome to 
which the stalks of all of them are attached. The stalks are more or less swollen at 
the base and taper gradually; there is no specialized basal region. In normal 
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circumstances the stalk is very little if at all longer than the capitulum, but if the 
colony is overwhelmed by mud it may become greatly elongated; its cuticle is 
almost smooth and may be either colourless or have a distinct brownish tinge. The 
capitulum is rather narrowly ovoid, the blunter end being uppermost; in the opposite 
plane it is strongly compressed. When the lophophore is retracted, its direction is 
almost vertical, but when the tentacles are extended it slopes outwards and down¬ 
wards in the same way as that of L. colonialis and U. gracilis. The normal number 
of tentacles appears to be 14. 

The relative size of the capitulum shield varies considerably, but as a rule it 
does not completely cover the aboral surface, leaving bare a rim of variable width at 
the upper end. At the sides its margins are clear-cut; below the oral area they 
bend inwards towards the middle of the oral surface and are then obliquely truncated. 
There are never any spines on the shield; its ornamentation consists of numerous 
minute, closely compacted oval depressions arranged regularly in transverse rows. 
Those of the upper rows are a little larger than those nearer the narrowed basal 



Fig. 2 .—Loxosomatoides laevis, sp. nov. 

Resting bud as seen from above in optical section, x 250. 


extremity. The oral surface is completely devoid of spines or other armature and 
is always colourless. In life, as in spirit, the contrast between it and the shield, 
which is of a yellowish shade, is usually striking. 

The length of the capitulum in the largest polyps is usually about 0^47 mm., the 
greatest breadth about 035 mm., and the thickness considerably less. 

The most interesting fact ascertained with reference to the biology of this 
species was that of the production of resting buds. Seen from above these buds 
(fig. 2) closely resemble capitula lying, oral surface downwards, on the object to which 
the colony is attached. They are usually, however, rather narrower than ordinary 
capitula and their stalks, instead of standing upright or bending over in a semi- 
recumbent position, lie flat and adhere throughout their length. The upper surface 
of the bud is covered by a shield closely resembling that of a capitulum and orna¬ 
mented in the same manner. At the broader end this shield is somewhat thinner 
and of a paler yellow. At the other extremity the bud bears a stout circular 
annulus of horny substance through which the stalk enters, the direction of this ring 
being at right angles to the surface on which it rests. The stalk, except in being 
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horizontal and adherent, resembles that of ordinary capitula. The lower surface of 
the bud is covered by a thin horny membrane that adheres to the object of attach¬ 
ment. The inner structure is very simple, consisting of a mass of circular cells filled 
with granular matter and contained in a delicate external epithelial membrane. 
Muscle-fibres can be seen making their way from the stalk into the proximal part of 
the cellular mass. There is a space at the broader end of the capsule. The granuli- 
ferous cells are not packed closely but are separated by spaces that appear to be 
void of connecting substance. The length of the bud is about 0 27 and the breadth 
0-15. It is thus smaller than the largest polyps. 

I have found these buds 011 one occasion only, in the Ennur backwater in 
October, 1913* They take the place of ordinary polyps in the colony, but I cannot say 
whether they are produced by the degeneration of an ordinary active capitulum or 
by direct development. In the colonies in which they occurred I noticed that many 



Fig. 3 .—Loxosomatoides laevis, sp. nov. 
Resting bud giving rise to a new colony, x ioo. 


normal polyps were lying prone on the surface of the oyster-shells to which they 
were attached, but this attitude is often adopted in normal circumstances, the shield 
being invariably uppermost. Among my specimens is one illustrating the origin of 
a young colony from a resting bud. It was in the substance of a thin encrusting 
Myxospongid sponge. This specimen is shown in fig. 3. The capsule of the bud has 
already degenerated somewhat, but traces of the characteristic ornamentation can 
still be detected under a high power. From the broader end a stalk bearing a young 
polyp has already emerged, while through the annulus at the other extremity a 
young stolon has made its way and is already producing at its tip the stalk of a polyp. 
It is evident that the original stalk of the bud had degenerated and disappeared; 
that this occurs commonly is substantiated by other specimens. 

The polyps of L. laevis are very shy and I found it difficult to induce them to 
expand in captivity. When the lophophore was retracted they usually remained 
with the lower part of the stalk vertical and the upper part bent over in such a way 
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that the capitular shield was horizontal or had its broader end depressed. Some¬ 
times, however, they lay quite prone as already indicated. The colonies were 
usually found either on stones or on oyster-shells, in both cases on protected surfaces, 
but they did not seem to avoid light so much as to seek protection from falling 
silt. In one instance we found a small colony on the stem of a water-plant. Its 
polyps did not differ from those of others. On stones the species was almost 
invariably associated with Laxosuberites lacustris, at the base of which its rhizome 
adhered, sending up the polyps through the substance of the sponge. 

Though actually found in the Chilka Take at three localities only, the species is 
evidently distributed widely in both divisions of the lake-system. The three locali¬ 
ties were Barkuda Island and Gopkuda Bay in the main area and the oyster-beds of 
Manikpatna in the outer channel At the first and the last of these places it was 
abundant, but at Gopkuda Bay only one specimen was taken. The organism is so 
minute and inconspicuous that it very readily escapes observation, and it was prob¬ 
ably owing to the fact that at Barkuda we were able (living in a bungalow close to 
the lake and having every facility for microscopic work) to make a very thorough 
investigation of the stones of the little landing-stage, that we found it in such abun¬ 
dance there. Oyster-shells also are naturally much more easily transferred to head¬ 
quarters and examined in the field than stray pieces of rock. Apart from the Chilka 
Take, the species has as yet been discovered only on the oyster-beds of the Ennur 
backwater a few miles up the coast from Madras. At Barkuda Id. the species was 
taken in an active condition at all times of the year, in water of specific gravity 
varying from I’oio to :roo6; at Manikpatna we found it in March and September 
and at Ennur in November and January. It is thus clear that L. laevis can live in 
water of a specific gravity of at least 10265 andean survive, at any rate for a limited 
period, in pure fresh water. 

The type (registered No. ZEV 6211/7) is preserved in the Indian Museum. 

Family Pediceeeinidae. 

Genus BARENTSIA, Hincks. 

1880. Barentsia, Hincks, Ann. Mag. Nat. Hist. (5) VI, p. 285. 

1886. Cercopodaria, Busk, Rep. Zool. ( Challenger ’ XVII (2), p. 41. 

Barentsia discreta (Busk). 

1886. Cercopodaria discreta , Busk, Rep. Zool. ‘ Challenger ’ XVII (2), p. 44, pi. x, 
figs. 6-12. 

1905. Cercopodaria discreta, Thornely in Herdman’s Ceylon Pearl Fisheries IV, 
p. 128. 

1912. Barentsia discreta, Annandale, Rec. Ind. Mus. VII, p. 205. 

In my note of 1912 I recorded the occurrence of a dwarfed form of this species 
in the Mutlah estuary at Port Canning in the Gangetic delta, the water containing 
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a saline residue of about 25 46 per mille , that is to say being almost as salt as that 
of the Bay of Bengal. 

B. discreta was originally described from a depth of over 100 fathoms in the 
South Atlantic and was found subsequently by Professor Herdman in comparatively 
shallow water off Ceylon. 
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CIRRIPEDIA. 

By N. Annandale. 

There is not much to be said about the barnacles of the Chilka Lake, for only 
two species, both of which are common and widely distributed, are represented, 
namely Dichelaspis cor and Balanus amphitrite. Both were found abundantly in 
the outer channel of the lake. The only species observed in the main area was B. 
amphitrite , of which a few individuals were noticed on rocks and the bottom of 
boats. 

Dichelaspis cor probably breeds in the outer channel and this may also be the 
case with Balanus amphitrite , but larvae of the latter almost certainly enter annu¬ 
ally from the sea. Both species were found in the adult state in the fresh- as well 
as the salt-water season. 

No Rhizocephala or other true parasitic forms were found. 

Suborder PEDUNCULATA. 

Family Lepadidae. 

In addition to the species discussed below, another member of this family (the 
common Lepas anserifera, Linn.) is represented by several specimens that were taken 
in a dead or moribund condition from a stick floating in the outer channel near 
Manikpatna in March, 1914 This species can hardly be included in the fauna of 
the lake on evidence so slight, for the stick had probably drifted in from the sea. 

Dichelaspis cor, Aurivillius. 

1909. Dichelaspis cor, Annandale, Mem. Ind. Mus. II, p. 1x9, pi. vi, figs. 7-10. 

This species is common on the gills of the crab Scylla serrata in the outer chan¬ 
nel at all times of the year. In the main area we failed to find it, though the 
crab was common. Some of our specimens are of very large size, the capitulum 
being 3 mm. in breadth and the peduncle 8 mm. long. All of them belong to 
Gruvel’s var. A. D. cor has been found in the gill-chamber of Panulirus in the sea 
but is particularly common in that of Scylla serrata in estuarine tracts. Its dis¬ 
tribution extends from East Africa to Sumatra. 

The larvae are able to hatch from the egg and to live, at any rate for some 
hours, in pure fresh water. This I have seen in the case of specimens from the gills 
of crabs purchased in the Calcutta market. The adults which produced the eggs 
lived for at least twelve hours out of water. 
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Suborder OPERCUBATA. 

Family Baeanidae. 

Balanus amphitrite, Darwin. 

1854. Pal an 11s amphitrite, Darwin, Mon. Cinipedia, Balanidae, p. 240, pi. v, figs, za-zc. 

All our specimens from the Chilka Bake belong to Darwin’s var. communis, but 
they vary considerably in shape, some being much more depressed than others. The 
largest have a diameter of about 15 mm. 

The species is abundant on oyster-shells, fish-traps and wooden posts in the outer 
channel of the Chilka Bake and occurs singly or in small numbers on the shells of 
Potamides and other Gastropods and Bamellibranchs. In the main area a few soli¬ 
tary living individuals of small size were observed on rocks, mostly towards the end 
of the dry season, while a relatively large number of dead shells were observed in the 
same situation. On one occasion in the season of low salinity the bottom of a boat 
in Rambha Bay was found to be covered with small living individuals, but it had 
possibly arrived recently from the outer division of the lake-system. In the outer 
channel the specific gravity of the water in which apparently healthy barnacles were 
observed varied from 1000 to 1-0265. I have seeti them in brackish or almost fresh 
water in the Gangetic delta, near Madras and in Cochin on the west coast of India. The 
species is common in all the warmer seas and is carried into those of the northern 
temperate zone on the bottom of ships. In the Bay of Bengal it is perhaps the 
commonest of the littoral Operculata. 

Barval Balani, probably of this species, were abundant in our tow-nettings taken 
in the outer channel in March. This is also the case in collections made in the 
same month in the shallower parts of the Bay of Bengal. 

B. amphitrite is remarkable for the rapidity of its growth and for its power of 
resisting unfavourable circumstances. Professor Herdman 1 found specimens of a 
diameter of 8 111m. on baskets that had been in the sea off Ceylon for 21 days. 
I have little doubt that the species breeds regularly in the outer channel of the 
Chilka Bake and that stray larvae are carried into the main area and occasionally 
find it possible to settle down and undergo their metamorphosis, without being able 
to survive it for more than a few months. 

The vicissitudes undergone annually by barnacles attached to oyster-shells in the 
outer channel are sufficient proof of the strong vitality of the species, but even more 
remarkable evidence is afforded by the fate of those individuals that attach them¬ 
selves to prawn-traps in the neighbourhood of Satpara. The traps are placed in the 
lake in the evening and, remaining in the water all night, are removed at dawn. 
Throughout the heat of the day they lie on the shore, fully exposed to the sun’s 
rays. Nevertheless, the barnacles on them survive. We saw many instances of 
this, more particularly in September, 1913, and in the same month of 1914. Speci¬ 
mens from such situations are small (not exceeding 9 mm. in diameter) and dull in 
colour, but otherwise apparently normal. 

Ceylon Pearl Fisheries V, p. 147 (1906). The dates were April 17th to May 9th. 
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OLKJorilAKTA. 

By J Stephenson. 

The Oligochaeta of brackish water are few, and do not form an independent 
ethological group. They seem to*be forms belonging to the freshwater or littoral 
groups which possess the power of resisting a certain amount of admixture of salt or 
fresh water respectively. 

Though the Oligochaeta have long been recognized as capable of contributing 
valuable results to zoogeography, these results have been gained almost entirely 
from a study of the terrestrial forms, to the exclusion of those of aquatic and littoral 

habit. Nor in view of the modes of dispersal can it be expected that it will be 

otherwise in the future. The following few remarks may serve briefly to illustrate 
this statement. 

In the case of freshwater forms, it seems probable that birds are one of the chief 
agents of dispersal; the mud which adheres to the feet of waders offers an easy 
means of transport to small worms or their cocoons; and it is well known that small 
animals, such as Nematodes and Rotifers, have been cultivated from such mud after 
a prolonged flight, while small molluscs have also been found to be conveyed in this 
way. Speaking of the probable introduction of Australian worms into New Zealand in 
this way, Benham (“ A note on the Oligochaeta of the New Zealand I v akes ", Trans. 
N Z. Inst., XXXVI, 1903) calculates that a strong flier with the wind behind it 

could cover the distance in 36 to 48 hours The comparative valuelessness for 

zoogeography of the data of distribution of freshwater Oligochaeta may be exempli¬ 
fied by the fact that Nais paraguayensis, first found, as the name implies, in 
material from Paraguay, has since been discovered in Lahore; that Nais communis, 
described first from Switzerland, has been found both in North and South India; 
Stylaria lacustris, also found at Lahore, occurs all over Europe, in the Baikal Sea, 
and in North America; while the genus Chaetogaster , represented by several species in 
India, is found throughout Europe, in North America, in the Baikal Sea, and in 
Australia, and is indeed probably absolutely cosmopolitan. 

The littoral Oligochaeta are unfortunately capable of furnishing no more valu¬ 
able results. c< The animals usually lay their cocoons underneath and amongst the 
masses of detritus on the shore, often attaching them firmly to these. When at 
more than usually high tides these masses are again washed into the sea, they may 
be taken up by currents, carried far away, and thrown up with the cocoons they 
bear on to the shore at some distant point. In this way littoral Oligochaetes may 
spread not only along a continuous coast-line but over considerable stretches of 
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ocean. Probably shore-birds also contribute to their dispersal by carrying away 
cocoons which adhere in a chance manner to their feet. That such a trans-oceanic 
dispersal of littoral Oligochaeta is a fact may be seen from the case of geologically 
recent and isolated oceanic islands; these contain (apart from forms demonstrably 
introduced by man) no terrestrial Oligochaeta, but are colonized by littoral species, 
e.g. the small coral island Laysan of the Hawaiian Archipelago by a species of 
Pontodrilus ” (Michaelsen, Die geogr aphische Verhreitung der Oligochaeten , 1903). So 
the genus Pontodrilus is apparently distributed over the coasts of all the warmer 
portions of the globe; while Enchytraeus alhidus is found from Nova Zembla and 
Greenland to South Patagonia and Kerguelen Is. 

Family ENCHYTRAEIDAE. 

Genus ENCHYTRAEUS, Henle. 

Enchytraeus barkudensis, sp. nov. 

(Plate X, figs. 1-4.) 

Types. —Barkuda Island, Chilka Take, Ganjam Dist., Madras Presidency. In 
sand at edge of lake; 16-VU-1914. Five specimens (Reg. No. ZEV 6545/7, Ind. Mus.). 

Length 15 mm. Filiform, breadth about *3 mm. Colour light brown. Seg¬ 
ments 57-64. 

The prostomium is rounded and very short. 

The setae are of the same type ( Enchytraeus type) in both lateral and ventral 
bundles; they are blunt rods, straight except for a curve at the inner or proximal 
end. In both lateral and ventral bundles they are three per bundle in segments 
ii—xi; segment xii has lateral bundles consisting each of two setae, but no ventral 
bundles; from segment xiii onwards the setae are two per bundle, both laterally and 
ventrally. 

The clitellum is not distinguishable. 

Not much of the anatomy of the worms could be observed with accuracy in the 
entire specimens, and most of the following account is based on the examination of 
longitudinal sections. 

The septa in the anterior region are much bulged backwards, especially 7/8, 8/9 
and 9/10, which form deep pockets filled with coelomic corpuscles. These three 
septa are also considerably thickened as compared with the others, and form stout 
sheets of muscular fibres ( cf. septum 9/10 in fig. 2). 

The -coelomic corpuscles (fig. 2) are numerous and conspicuous even in the entire 
animal; they are nucleated flattened plates, oval or broadly spindle-shaped, of an 
average length (in the fixed and stained condition) of 28 m ; the maximum length 
observed was 41^. 

The pharynx (fig. 1) occupies segments ii and iii; it has the usual constitution, 
the epithelium of the roof being markedly columnar and forming a sucker-like plate. 
The oesophagus is a narrow and uniform straight tube, ciliated throughout, and 
showing no differentiation; it passes fairly suddenly into the intestine , distinguish- 
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able by its greater width, in segment xv (in one specimen), xvi or perhaps xvii (in a 
second). 

The salivary ghouls (tig. 1) are apparently represented by a pair of short club- 
shaped backwardly directed evaginations of the pharynx; these take origin from the 
hinder part of the pharyngeal roof, behind the sucker-like epithelial plate, and are 
situated one on each side near the middle line. 

The septal glands are situated on the anterior faces of septa 4/5, 5/6, and 6/7, 
causing these to bulge backwards. Those of each pair are continuous dorsally over 
the oesophagus; and each gland is continued forwards by an anteriorly projecting 
lobe situated ventro-laterally to the oesophagus. In entire specimens the glands 
appear to be in segments v, vi, and vii, and perhaps to be more than a single pair 
per segment; but the appearances are explained by the backward bulging of the 
septa, and the presence of the anterior lobes, as just described. 

The dorsal vessel is certainly distinct as far back as segment xv,—probably 
further, as far as xvi, if not xvii. 

The nephridia have a short ante-septal portion,—perhaps a quarter the length of 
the postsepta 1; the post-septal portion is elongated, narrow, and gives off the duct 
from its undersurface at about one-third of its length from the posterior end; the 
duct is short, passes vertically downwards, and ends in front of the ventral 
setae. 

The cerebral ganglion is in segment i; its shape could not be determined. 

The description of the male genital organs (figs. 2, 3, 4) is most conveniently 
begun with the sperm-sacs. These are two in number, quite distinct from each 
other, of large size and ovoid shape (figs. 2, 3); they are continuous with and sus¬ 
pended by septum 10/11 \ they project forwards into segment x, and, still more, 
backwards into xi, so that they occupy the whole length of the latter segment; their 
walls are quite thin, but complete. Contained within this sac is a large mass of 
sperm-morulae, in various stages of development; but, in the two specimens which 
were sectioned, there were no wisps of fully developed spermatozoa. What is to be 
considered as the testis is a mass of cells (figs. 2, 3) > adherent to the inner face of 
the sac-wall at its lower part, i.e. to the floor of the sac, approximately in the 
region where septum 10/11 joins it. This mass of cells may project not inconsider¬ 
ably into the interior of the sac; or it may constitute merely a flattened plate, 
perhaps divided up into a number of smaller masses. The morulae within the sac are 
evidently developed from cells which *are proliferated from the cell-mass or cell- 
plate; indeed there is a gradual transition from the one to the other. Th e funnel 
(fig. 4) is in segment xi; it is two or three times as long as broad; it has the usual 
cylindrical shape, but the cells of which it is composed have not the usual clear 
mucous appearance in stained sections ; this might possibly be due to the specimens 
being in a rather early stage of sexual maturity. The vas deferens is situated in 
segment xii; it is long, thin, 16^ in diameter, and coiled; fig. 4 > sketched from an 
entire specimen in cedar oil, will give an idea as to its disposition and course. The 
penial body is a small hemispherical mass of cells round the termination of the vas 
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deferens, which latter pierces through it without interruption and reaches the surface 
at the position of the (absent) ventral setae of xii. 

The ovaries, and masses of ova, are contained in segment xii. Funnels and 
oviducts were not observed. 

The spermathecae are in segment v, and communicate with the oesophagus. 
The ampulla is small, ovoid in shape, 50/“ in diameter; the duct is a narrow tube, 
141* in diameter, of considerable length and with a few slight bends in its course. 
There were no spermatozoa in the ampullae. 

This little worm is stated to be practically colourless in life, but rather opaque. 

The discovery of the present species is of interest in several ways. Though 
(like the Tubificidae) occurring in such abuudance in the temperate regions of Europe, 
the Enchytraeidae seem to be very rare in India; the present is the fourth species 
which has been completely investigated. This rarity is probably partly apparent, 
partly real; and the same may be said of the Tubificidae also, of which too only four 
species have been recorded. 

A feature that is worthy of note is the presence of sperm-sacs. These are not 
invariably present in the genus Enchytraeus ; out of the two other Indian species of 
the genus they are absent in one ( E. indicus) , present in the other (E. harurami). 
In the present species the sacs are of the same nature as those of E. harurami, and 
differ from those of the Naididae and of the genus Mesenchytraeus , the only other 
Enchytraeid genus in which the} 7 ' are found. In Mesenchytraeus and the Naididae 
the sacs are pocket-like backward extensions of the septum which forms the poste¬ 
rior wall of the testis segment; here they are .closed bags, seated on or suspended 
from the anterior wall of the segment, and containing both testis and developing 
sperm-morulae. The sacs do not include the funnels of the vasa deferentia; and 
since they are, iti the stages at which I have examined them, completely closed, it is 
not obvious how the spermatozoa escape (cf. remarks on E. harurami , in a previous 
paper: “On a collection of Oligochaeta, mainly from Northern India”, Rec. Ind. 
Mus., vol. x, p. 321, 1914). 

Another point of interest is the condition of the salivary glands (“pepto- 
nephridia”). In the species in which they occur, they are found usually as narrow 
curling tubes extending back for a few segments behind the pharynx, from the 
posterior end of which they take origin. In the present case there are a pair of 
small club-shaped structures, quite short and inconspicuous, discovered in the series 
of longitudinal sections, though they would probably have escaped notice during 
life; these originate from the posterior end of the pharynx, and seem to correspond 
to the salivary glands of other forms. Similar rudimentary salivary glands appear 
to have been described by U’de (“Beitrage zur Kenntnis der Enchytraiden und 
Eumbriciden ”, Zeit. f. wiss. Zool., vol. 61, 1895) in Bryodrilus ehlersi, though I have 
not seen the original paper. 

The above characters, together with the setal distribution, are sufficient to 
distinguish the form as a new species. 
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E. barkudensis was found at only one spot in the Chilka Lake, namely in a 
small patch of sand at one side of the landing-stage on Barkuda Id., in the main 
area. It lives there, with Pontodrilus bermudensis f. ephi ppiger , some inches below 
the surface and well below water-level. The months in which specimens were 
obtained were July and November. In the former the specific gravity (corrected) of 
the water immediately off Barkuda Id. was 1*015, while in November it was 1005. 
The species was taken in January at the edge of the Ennur backwater near Madras, 
also in wet sand and with P. bermudensis , the specific gravity of the water being 
about 1*0025. On all three occasions sexually mature worms were obtained. 

Family MEGASCOLECIDAE. 

Genus PONTODRILUS, E. Perrier. 

Pontodrilus bermudensis, Bedd., forma ephippiger (Rosa). 

1914. Pontodrilus ephippiger, Stephenson, Rec. Ind. Mus. X, p. 256. 

In life this worm has a bright pink colour. 

In the Chilka Lake specimens were obtained both in the main area and in the 
outer channel at all times of the year. They occurred at the extreme margin in wet 
sand or sand mixed with mud, sometimes under stones with the amphibious Isopoda 
Hemiportellio carinatus and Arhina barkulensis , Collinge, 1 the water being either fresh, 
brackish or as salt as that of the Bay of Bengal. Probably, however, the species 
does not breed in fresh water, as no fully mature individuals were found in the 
fresh-water season (July to September). The chief breeding-time seems to fall in late 
winter and early spring, when the water of the lake varies in corrected specific 
gravity from 1008 to 1026. At the edge of the Eiinur backwater near Madras the 
same form was found in January, 1915, in sand wetted by water of specific gravity 
of about 1-0025. Some of the specimens were mature. 

The species is very widely distributed on the warmer coasts of both hemispheres. 
Following Michaelsen {Mitt, aus dem Naturh. Mus. Hamb., xxvii, 1909) I now 
recognize P. ephippiger, Rosa, as one of the numerous forms of P. bermudensis , Bedd. 
The form ephippiger is recorded from Christmas I., Celebes, and the Hawaiian Archi¬ 
pelago; the form insularis of the same species (formerly P. insularis, Rosa) has been 
found, among other places, in Ceylon. 

Family GLOSSOSCOLECIDAE. 

Genus CRIODRILUS (Hoffmstr.). 

Criodrilus lacuum, Hoffmstr. 

1914. Criodrilus lacuum, Stephenson, Rec. Ind. Mus. X, p. 256. 

The identification of this worm is, as stated in the above paper, not absolutely 
certain, since the specimens were not fully mature. 

The natural colour of this worm is tinged with a peculiar ochraceous shade. 


1 Rec. Ind. Mus. XI, pp. 145, 147, pis. vi, viii (1915). 



146 


Memoirs oj the Indian Museum. 


[VOL. V, 1915.] 


The species is apparently common on the shore of the Chilka Lake somewhere 
near Satpara, where the beach is for the most part sandy. It is dug for bait by 
fishermen. Specimens obtained from them in March, 1914 were not quite mature. 
The corrected specific gravity of water from the lake at Satpara was in this month 
1 026. In Palestine the worm lives in wet earth under stones at the edge of water. 

This is a well-known European species, which occurs throughout Central Europe, 
in S. Russia, Syria and Palestine. It is interesting to find it in brackish water, since 
it is a typically limnic form, and so far as I know has not hitherto been recognized, 
as littoral. That it can support a considerable amount of salt is, however, shown by 
its occurrence on the margin of the Lake of Tiberias, the water of which is markedly 
saline; and this being the case, it is perhaps remarkable that it has not so far defi¬ 
nitely established itself as a littoral form. 



